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ANOTHER 


ADEL 


R:D ACHIEVEMENT 


New Electric Motor Driven 1 
Hydraulic POWER PACKAGE 
For Guided Missiles 


POWERFUL + SMALL + COMPACT 
RELIABLE + LIGHTWEIGHT 


SUPERIOR PERFORMANCE 
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i Developed, qualified and produced 
j i Meet or exceed exacting specifications. 
eet | 


Research 

Design 

Development 
Qualification Testing 


Precision Production 


iE Lerooucrs 


A DIVISION OF GENERAL METALS CORPORATION 
BURBANK, CALIFORNIA 


DISTRICT OFFICES: MINEOLA ¢ DAYTON ¢ WICHITA ¢ TORONTO 
ADEL designs and manufactures aircraft products in the following major categories: 
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Hydraulic & Pneumatic Anti-Icing, Heater & Engine Hi-Temp Manual & Electric Motor Driven 
Control Equipment Fuel System Equipment Accessories Solenoid Operated Valves Hydraulic Power Packages 


Circle 71 on Inquiry Card, page 65 
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Atlas missile test tower 


MISSILE LAUNCHING VALVE COST 
REDUCED 30% WITH ESCO CASTING 


Problem: Fabricating high pressure gas tank butterfly valve bodies 
for missile component manufacturer Convair-Astronautics, San 
Diego, California, proved unsatisfactory. Consisting of wrought 
stainless steel flanges and tubes welded together and machined, 
valve costs were high. Weld seams were susceptible to intergran- 
ular corrosion and gas leakage. This was a critical installation as 
these units had to withstand test temperatures ranging from —65° 
to 500° F., at 2,000 vibrations per second and at stresses up to 
15 gravity units. 


Solution: The valve body was redesigned as a casting. One-piece 
design alloy steel improved strength and corrosion resistance and 
practically eliminated the danger of gas leakage. ESCO centrifugal 
You can simplify your design problems by calling casting technique permitted casting six 180-pound valve bodies 
an ESCO engineer today. simultaneously. Resulting savings in material and labor amounted 
to 30 per cent of previous costs. 


bw 


ELECTRIC STEEL 
FOUNDRY COMPANY 


2187 N.W. 25TH AVE. « PORTLAND 10, OREGON 
MFG. PLANTS AT PORTLAND, ORE. AND DANVILLE, ILL. 
Offices in Most Principal Cities 
ESCO INTERNATIONAL, NEW YORK, N. Y. 

IN CANADA ESCO LIMITED 
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The theme of this month’s cover 
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editorial coverage. The successful 
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America’s first mass-produced 
industrial-size ultrasonic cleaner! 


SAVE 7 ways over costly solvent, 


alkaline or vapor degreasing: 


® Clean faster, speed production! © Cut rejects, eliminate 
bottlenecks! ¢ Save on chemicals & solvents! ¢ Eliminate 
expensive installation! ¢ Cut maintenance and downtime! 
© Save on floor space! ¢ Release labor for other work! 


MAMMOTH 
5-GALLON 
TANK 


695 


2-year guarantee on all units. 


SPECIFICATIONS 
Interior Tank size (in.), 1OW x 14L x 92H. Tank Capacity, 5 gallons. 


G-1501 generator, NT-1505 tank. 
Other models from $175. 


Submersible Transducers 
Model NT-604 — Hermetically sealed heli-arc welded stainless steel 
case. Radiating face: 27 sq. in. Effective plane of radiation: 40 to 50 
sq. in. (approx. 10” x 5”). Effective cavitation of volumes: up to 1200 
cu. in. at 24” tank height (5 gal.) and 2400 cu. in. at 48” tank height 
(10 gal.). Swagelok tube fitting on side or end for internal tank wiring. 


Model NT-605 — Same as NT-604 except for bulkhead fitting on back 
for external wiring. Eliminates electrical conduits in solutions. 


Now you can say goodbye to expensive chemicals, solvents, and 
degreasing equipment... reclaim valuable floor space... eliminate 
high installation costs...just by installing a Narda Series 1500 
SonBlaster. At the same time, you'll get better, faster cleaning, 
and you'll need fewer people to do the job! 


Get the tremendous activity of the new 200-watt Narda SonBlaster, 
with the largest transducerized tank ever made, at the lowest price 
in the industry! Choose from transducerized tanks or submersible 
transducers for use in any arrangement in any shape tank you desire. 
Up to 4 submersible transducers can be easily operated from the 
same generator at one time; load selector switch provided — an exclu- 
sive Narda feature. 


Simply plug the SonBlaster into any 110-115 V AC line, and flip the 
switch. In seconds, you'll clean "most any mechanical, optical, electri- 
cal, medical or horological part or assembly you can think of. Perfect, 
too, for brightening, polishing, radioactive decontaminating, pickling, 
quenching and plating; emulsifying, mixing, sterilizing, impregnat- 
ing, degassing, and other chemical process applications. 


Mail the coupon for free help in determining the model that’s best 
for you. 


The Narda Ultrasonics Corporation 
118-160 Herricks Road 
Mineola, L. 1., New York 
Department AMM-6 
Gentlemen: 
Please send me more information 
about 
[) Series 1500 SonBlasters 
) The complete Narda line 


The SonBlaster catalog | 
line of ultrasonic cleaning | 
equipment ranges from 35 
watts to 2.5 KW, and | 
includes transducerized | 
tanks as well as immersi- 
ble transducers. If ultra- | 
sonics can be applied to | 
help improve your process, 
Narda will recommend the | 
finest, most dependable | Name———— 
equipment available — and 
at the lowest price in the | 
industry! | 

| 

l 
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CAN PUT HI-TEMPERATURE STRUCTURES 


Ee ae a 


eT 


DALLAS ~ 


7 


INTO YOUR PRODUCTION 


g , is “Mh  *E 
i> AD Be’ A= 
i? & Sd a 8 a 
Yr © 2.8 el 


ACO 


4 Circle 88 on Inquiry Card, page 65 


When Temco engineered and developed the aft-fuselage and 
vertical stabilizer section of Convair’s B-58 Hustler. . . the wing 
section and fuselage panels of Temco’s own TT-1 jet trainer... 
the wings of the air-launched ‘‘Teal’’ missile. . . the aircraft in- 
dustry acknowledged Temco as a leader in development and 
production of honeycomb sandwich and hi-temperature struc- 
tures. Missile applications currently programmed are substan- 
tial recognition of Temco’s stature. 


At Temco metal and plastic sandwich structures have been 
employed in all types of airframe applications, with notable 
development in the field of stronger, higher heat-resistant 
metal bondings...in improved plastic materials and methods 
of reinforced plastic honeycomb fabrications. 


Other outstanding advances now under development at Temco 
are a new low-cost process for brazing stainless steel honey- 
comb structures, employing a revolutionary new concept... 
and experimental progress in the new field of ‘‘cermets.”’ 


Since pioneering the ‘‘total package’’ concept of subcontract- 
ing... design, tooling and production... Temco’s engineering 
staff and facilities have increased significantly, a growth as 
rapid and as sound as that of the industry they serve. Today 
these design support capabilities have been extended to en- 
compass complete systems management. Whether your need 
is for a component, a subassembly, or a subsystem, an inspection 
of Temco capabilities will prove profitable. 
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Design visibility into 
airliner cockpits 


It has been several months since the last 
air tragedy resulting from a mid-air collision. 
Charges and counter charges, proposals and coun- 
ter proposals have all been made. Regretfully, 
there will probably be many more near collisions, 
more actual collisions, and more deaths before 
anything materializes from the all-encompassing 
programs. We will learn too late that safety can- 
not be achieved by departmentalizing and legis- 
lating. 

Despite the greatest expectations for “pos- 
itive control” of all aircraft by Air Traffic Control 
(ATC) it will be some time before reliable opera- 
tional equipment can be fully utilized. In the 
interim there is no real substitute for incorporat- 
ing a keen lookout program in the “see-and-be- 
seen” scheme while operating an aircraft under 
VFR conditions. 


Real problem is that our airliners are de- 
signed with a serious lack of cockpit visibility. As 
a result, pilots have come to rely on the outdated 
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ATC system to perform lookout by filing IFR. 
Civil Air Regulations however, still place equal 
responsibility for lookout on the IFR pilot oper- 
ating in VFR conditions. 

Windshield area on even the latest air- 
liners is wholly inadequate. Aircraft should be 
provided with canopy-type visibility similar to the 
B-47, and fighter aircraft. In airliners the dam- 
age of minimum “glass” area is compounded by 
seating the pilot three to four feet away. This 
has the effect of creating ‘‘peep-hole” vision. 

The use of this type of cockpit enclosure 
will increase pilot visibility in high density areas 
around airports, eliminate the ‘“peep-hole” view, 
and give the “see-and-be-seen” an even break on 
airways flying. 
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FULLY AUTOMATICS 
vs 


MANUAL GRINDERS 


2 AUTOMATICS 8 MANUALS 
+ + 


1 SEMI-SKILLED MAN 8 SKILLED MEN 


_Plus this 4-way versatility 


Choose from any of these cycles with 
selective feed increments: 
1 Rough grinding 
2 Rough grind; finish grind 
3 Rough grind; semi-finish grind; finish grind 
4 Manual grind 


PUMP GEAR 


50th ANNIVERSARY— 1908-1958 


PUMP 

ROTORS 

600 pes. /8 hrs. /ma- 

chine floor to floor 
grinding cycle 
6 minutes 

3 >) | For all the facts—write today! 
ed, t THE GEAR GRINDING MACHINE COMPANY 


‘ee 3913 Christopher, Detroit 11, Michigan 
‘ Manufacturers of: 


. | The Detroit Screwmatic 750, Automatic Screw Machine. 
UP TO 36” P.D. RZEPPA (“Sheppa”) Constant Velocity Universal Joints 58 MT=—S 
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a study in producibility 


world’s fastest fighter is easy, 
economical to manufacture; utilizes 
advanced techniques established 
by long-term planning. 


by Robert McLarren 


The Lockheed F-104 Starfighter, world’s 
fastest and highest-flying production airplane, 
symbolizes the high-water mark of producibility 
engineering. Measuring producibility’s contribu- 
tion to attainment of the two most-prized world 
aviation records is quite impossible, but its deci- 
sive role in the economy and facility of production 
of the vehicle is unchallenged. 


Producibility Study 


Shortly after being awarded a contract to 
manufacture 2 prototype XF-104 aircraft in 1953, 


Lockheed proposed a separate, but parallel, pro- 
ducibility study. The plan was accepted by the 
Air Force. Thus, in effect, Lockheed designed two 
F-104 models simultaneously and independently: 
the prototype aircraft, designed by the engineer- 
ing department to meet performance and delivery 
guarantees and fabricated accordingly; and a 
“producibility” aircraft, designed only on paper. 
Production engineering drawings were released to 
the shop and to the producibility study group. The 
shop built the prototype airplane model, which 


continued on next page 


One-piece ‘flying tail’’ is mounted on single-point hinge. Ventral fin stabilizes 
airflow over aft fuselage in supersonic maneuvers. Small surface under rudder 


is controllable yaw damper. 
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Starfighter . . . 


flew in March, 1954, while the producibility group 
evaluated, analyzed and redesigned the compo- 
nents for “most economical production commen- 
surate with existing manufacturing techniques, 
contractor facilities, and proposed production 
rates.” The “producibility” aircraft thus evolved. 

Hence, when the contract for quality pro- 
duction of the F-104 was received, an aircraft 
substantially different from the prototype inter- 
nally, was ready for fabrication. One which could 
take advantage of every advanced production 
technique. The result is an aircraft which can not 
only outperform all others of its type, but which 
can be built simply and economically. 


Wing 

Attention has been directed to the F-104 
wing because of its small size (each panel has 90 
in. span) and extreme thinness (3!% in. max). 
The producibility study group analyzed 22 differ- 
ent structural systems before final wing design 
was evolved. The system selected was a pair of 
conventional spars, but using a single, machine 
tapered and formed plate for the upper and lower 


Closeup of compression forming tooling 
shows heavy die units. Part is U-shaped 
channel which is held in the die by pressure 
on central bar along top, legs are 


contacting part. 


Long a closely guarded military secret, 
scoop configuration has prime advantage 
of providing higher ram to engine. In 
ultrasonic regime engine, with afterburner, 
develops about half its thrust as a ram jet. 


compressed by pressure of plate #@ 


skins. These 7075-T6 plates taper from 0.25 in. at 
the root to 0.060 in. at the tip and carry the airfoil 
contour. There are no chordwise ribs for this 
purpose. 

Within this torsion box, enclosed by root 
and tip forgings, are 12 spanwise intermediate 
channels. They are fabricated by a “compression 
forming” technique developed by Lockheed and 
utilized by Temco Aircraft Corp., Dallas, sub- 
contractor for complete F-104 wing assemblies. 
The thinness of the wing and the demand for close 
tolerances in the contour virtually prohibited use 
of conventional pressed-flange channels, normally 
produced to only + 0.030 in. in hydropress opera- 
tion. 

The compression forming process first 
forms the channels at about 1000 psi and then 
requires that the part be heat treated at 925°F 
for 30 min, followed by a cold water quench. The 
part is then placed in a precision die cavity. A 
rubber pad is inserted, and a pressure of 1000 psi 
applied to the body of the part. An instant later 
a second compression is applied directly to the 
legs of the channel, resulting in plastic flow of the 
metal against the die contours. After removal 
from the die, the part is artificially aged at 250°F 
for 24 hr. The resulting part has a UTS of 72,000 
psi, and contours to + 0.010 in. this strength and 
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Compression forming technique utilizes ram pressure to 
flow metal into contours of precision die, places force 
on ends of channel to compress part into precise 
radius at corners. 
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close tolerance reduces substantially the minimum 
edge distance for rivets or bolts. 


Steel Piano Hinges 


Aileron and flap panels are attached by 
piano hinges milled from 420 steel extrusions and 
heat treated to a UTS of 230,000 psi. The conven- 
tional method of single point aileron actuation 
proved impractical because of its creation of 
aileron contour distortion during movement. Lock- 
heed attacked this problem by providing a series 
of 11 actuating rods along the aileron span. The 
rods are mounted in a long spanwise rectangular 
manifold. Hydraulic pressure applied to the mani- 
fold extends the 11 rods precisely the same dis- 
tance and rate. Pressure in the manifold is 
controlled by an adjacent aileron boost and servo 
control unit actuated by the pilot’s control column. 

Wing flaps are conventional rib and plate 
skin assembly and are actuated through a torque 
tube by a hydraulic piston within the fuselage. 
A boundary layer control system is used during 
flap extension. A slotted pipe is mounted along 
the rear wing spar the 47 in. length of the flap. 
The slots are 0.55 in. wide and the 0.09 in. depth 
of the pipe wall. The series of 55 slots is spaced 
0.9 in. apart. When the flap extension passes 
the 15 deg mark, a valve opens automatically and 
engine compressor air passes into the tube. The 
air issues from the slots and over the airfoil at a 
velocity of 2300 fps. This system reduces the air- 
plane stalling speed by 20 mph, resulting in a 
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Air inlet ducts are formed from aluminum alloy extrusion 
and chemical-milled all over for final thickness 
and weight reduction. 


landing run reduction of about 25 per cent. 
The wing leading edge is a nose flap panel, 


machined from a 7075-T6 extrusion and also at- 
tached by extruded steel piano hinge along its 
lower edge. It is actuated by a fuselage-mounted 
torque-tube hydraulic actuator. The retracted po- 
sition of the leading edge flap requires perfect 
butt contact with the upper wing skin plate to 
insure complete compression load transfer and 
absence of air leakage. 

The F-104 carries no wing fuel internally, 
but contains forged intercostals at the mid-panel 
and the tip for tip tanks. 

Wing-fuselage attachment is through a 
series of five heavy-duty 7075 precision-forged 
fittings tied into the spars and intermediate chan- 
nels. 


Fuselage 

Mid-fuselage is built up on five heavy 7075 
forgings tied into a forged keelson assembly 
supporting landing gear loads. Wing fittings are 
attached to these forged frames. 

Mid-fuselage is built in two halves and 
carried along the production line on a rail-type 
unit to facilitate installation of functional items 
and equipment. The air inlet duct occupies the 
major portion of the mid-fuselage. The inlet duct 
is fabricated from an integrally-stiffened extruded 
barrel, which is split longitudinally and straight- 
ened into flat sheets. These sheets are then 


continued on next page 


9 


5 ae ee eon | eo” ef. ae 
ee a ae” re 3 OS, Cia!” Sige ae, 
Bey. : cee Oe ee ea i a rb ele” ae ee mv Pe 
ae Oe eee art) eo i at og ee at nee lS OPE 
i ae pe ee eee ee ee oe Te a Sat or oad 7 Pid a e 9 ieee > Si > |e Lh Sts a 
: wae aE a a f i. ae ah. 2 2 a Seg! aa *& A eae ae SL 2) ea 
s » x is AmBoe es es (oR elke te te a a : 2H ene ee sek: “2. RI aaa 
? ; SE eS ; oo! a8 eS oe ee re, 66S ei O) ae a 
omemenins Ee eC me hg cg ‘\ ' Fe re 7B A) em pt beeatee ee ye 
ere od Dae Sees, Se ete ee tS ee Agena ae ek ae igen setiaae faa 
pa 
Tar i Soult Se Sita, 
‘ oreo Ne = a id 
si seen So peer t- Aeaa 
SE | a 
“ ty ° Se : : 
Od Yi Vj i: ee ph ioe 
WU Mey ee===& Be i ge = 
MMI Ge Ss @ ‘23 tg Ue ; 
Li Le = . « 4 , _ | 
i 1 ee * i 
7 @ comms eae ‘@ Pe ee ae. a ne f 
; ih e=——— aa ee ie oe ee 
: : manana es al hale = 4 — oa _ 5 eee 
4 oe | ie > oe wg a a + IE og oil 
: . : a ‘a ae se Te 44 i | ] ‘ a Pe ee ee Se ee 
. === . & —— i Se | CS = = <A 2 f§ | 
a 2 aa oe, 1 eS ae : 4 pod [et Oa 
. oe — lc (éil?’ Lei Wb Se ee Se a a ae = -_ a came” SS eer oa 
, 2 - = = fF Sl, a en ano 4 ee . s “el y a Harel 2 Se a 
LEZ ———— [ene eee ee Fe ee i ee 
eg ae Te Me. Og Sa ae e : . a _ oe, = Ay Tae eon ters ty: 
a connanenennten 1s ae ig PAT) 0 ds) eee Se . ae 4 e 4 "4 Be a rt Sree wee I 
ZLL——=_—— oes fF | se ee e Bes Wee hs. : 
GG ge = 4 on + ae 2 8 2. 3 ea a. = z: Sa na aahetec ey toe 4 
pie ty Bees. Na a a . oe se a ae ey ime Sr ke eet 
* We ig 2 ee Tee 74 Ea 4 PS ae . ‘ ie ee emg BY read: 
We i He gt = ae > @ ££ we 2: fe BR ke wae ; 
Veep ies ae: 2 See ee eS ee = a — = Ge heey eae agg C28). . 
LN 2 Cee oo. a a os ff 2 se ; ee c 
: Zz eon Sl Sones as) lS a ae ae ss 2 sy SS i ey ae ee e 
ee ae ee gee ae q ag 2 - z as Gy igi Beto f 
i : iy " & Cee _ oe a 7, ay : ig Ss are f : 
j a = pe ae 7 Se ee a a a ie eee 
j =e " BG Rae 4 ae» “a ae . i ff Ee a 4 ‘ Bi ioe <2 
Fi 4 5 : ers es eee ee te. es = a a 4 . a a iia ate ey 
—— >. ae ee ee eee sia - a ee a ; 
' SS BA sie Se en a a | 4 E Sy ae : 
tak eh j Rik ie a rk : ey ke es a 
J eA giiae Mite De : #- ff s a he. 
pk ees : en ee ee i ¥ ay eet wit ait 4 
Se © ‘3 Bre oe Mua a 4 a a a i tale i em 
— RRS Sere Say ca hl eS : fi 
q es : i = Fes — 3 - : fe ra es a 
F SEES: call y Mee oe rae/ § % se : , 
. cs, We % be ae Oa Maes be 4 oe coe 
ga tee Oe . aa 
cana be aN = a! :? i. “ 
2} . Fae 
hog ae _. : 
eee \ ' asi. AE : 
: . Y 
=a — a ‘ : 
* “A ee -_ s a 
* WO es 2 
“ pees v ce to E t 
oS . 
: y 
: aoe ° Pe ra 
nee ae ae é 
_ 
mp iia i aia is Sa. Sea Spee ag pee a ‘ 
ve eee eee 2 Vea mee cae ety TT ee a = _ eAH 
ee et ee ee IPM ae oT ee a. , cues 
we re 7 eee Lee” ka eee 
== ae ae oe ma a) YS ee 


Main wing attach fittings are forged from 7075-T6 
aluminum alloy, require only drilling of bolt holes 
prior to installation. 
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stretch-formed to the severe contours of the air 
inlet, the integral stiffeners running peripherally. 
The completed assembly is then chemically-filled 
to the desired skin thickness. The final dimension 
is too thin to allow conventional forming. 

The air inlet ducts are supported in the 
fuselage by a series of “zero draft” forgings. 
Zero draft forgings are made using precision dies, 
and high forging pressures, and are removed from 
the dies by ejector pins. While the process is 
initially more costly than conventional draft-angle 
forging, the zero-draft forging technique elimi- 
nates he machining of the forging for removal 
of taper. Producibility studies show that the net 
result is a 23 percent saving. Additionally, there 
are intangible savings in the applicability of zero- 
draft forgings to mold-line installation, such as 


10 


Cannon mount forging is machined to 0.12 in. ' 
web thickness. Forged from 2014 aluminum alloy, it 
earries gun-firing loads into F-104 structure. 


F-104 makes extensive use of precision forgings 
throughout structure made possible by USAF Heavy 
Press program. Note heavy keelson and mid-fuselage 
frame units to support flight and landing loads. 


those supporting skin panels. Weight saving is 
also substantial over conventional forgings in 
which webs and taper are not removed for cost 
reasons. 

Forward fuselage contains the cockpit, 
with its downward ejection seat, electronic com- 
partment and nosewheel support structure. It is 
built in two halves. Functional items are installed 
and the two halves mated preparatory to final 
assembly. This unit contains the General Electric 
T-171E3 Vulcan six-barrel 20mm cannon. Firing 
loads are carried by a one-piece 2014 aluminum 
alloy machined forging. 


Empennage 


Aft fuselage, furnished under subcontract 
by Beech Aircraft Corp., Wichita, houses the en- 
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LOCKHEED F-104A STARFIGHTER 
Specifications 


Span . neem out : ; 23. Ii im. 
Length... 

Height . 
Engine... 
Thrust 


Electric J79-GE-3 
15,000 A/B 


gine and carries the tail loads into the mid-fuse- 
lage. The fin assembly is built up on two 4140 steel 
fuselage forgings supporting two fin forged spars. 
The fin contains all hydraulic boost servo units 
for control surfaces. The rudder and yaw damper 
movable surfaces attach to hinge fittings on the 
fin aft spar. 

The one-piece horizontal stabilizer is made 
up on a single main spar with formed ribs, covered 
with 7075-T6 sheet skin panels. This integral sur- 
face is hinged along the spar line through a single 
pin passing through a fitting atop the fin main 
spar. The stabilizer is actuated at its root leading 
edge. The rudder and yaw damper assembles are 
hydraulically controlled. The complete empennage 
assembly is produced under subcontract by Rheem 
Manufacturing Co., Downey, Calif. 

Engine area of the aft fuselage is plated 
with 0.040 in. titanium panels to withstand the 
engine temperatures. These temperatures are held 
to 400°F by air bled from the air inlets passing 
through airspace between the engine and skin. 
The tailpipe area is fabricated from 17-7 PH 
stainless steel. 


Final Assembly 


Final assembly of the airplane is now 
effected in the Palmdale, Calif. facility. Lockheed 


Aircraft and Missiles Manufacturing ¢ August 1958 


Speed (max) 
Ceiling (service) 
Note: F-104A holds world’s sneed 


(May 16, 1958) and world’s altitude record 
of 91,249 ft (May 7, 1958). 


Burbank plant delivers mid-fuselage, forward 
fuselage and fuselage nose assemblies, Beech 
delivers aft fuselage units, Rheem empennage 
assemblies, Temco complete wing panels, and 
Menasco landing gear units. The airplane under- 
goes final assembly, painting, electronic checkout, 
fight test and delivery from this desert commu- 
nity. 


Employment 

F-104A Starfighter fighters are now in 
service with 83rd Fighter-Interceptor Squadron 
at Hamilton AFB, Calif., and 337th Fighter-Inter- 
ceptor Squadron at Westover AFB, Mass., both 
units of the Air Defense Command. Deliveries are 
slated later this year to Tactical Air Command 
units. 

A two-seat version, the F-104B, is now in 
production for use in transitional training of 
pilots slated for F-104A duty. 


a 


A REPRINT 
of this article can be obtained by writing on company 
letterhead to 
The Editor 
AIRCRAFT and MISSILES MANUFACTURING 
Chestnut & 56th Sts., Philadelphia 39, Pa. 
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Pyroceram nose cones 


glass-ceramic material adaptable to volume 
production techniques of glass industry 


by John P. Kushnerick 


Volume production of ceramic-like missile 
nose cones may soon be a reality as a result of 
materials and process research conducted in the 
glass industry. 

The material: A glass-ceramic called Pyro- 
ceram., 

The process: centrifugal casting, adopted 
from the metals industry. 

Corning Glass Works’ new glass-ceramic 
material is especially compatible to high-quality, 
volume-production of missile radomes for the 
following reasons: 

@ Homogeneous composition, uniform and 

stable dielectric constant. 


@ Fabricating techniques adaptable to 


existing automatic glass making equip- 
ment. 

@ Resistance to high temperatures and 

atmospheric erosion. 

Pyroceram first drew attention of the 
Navy as a nose cone material. This service let 
an evaluation contract under BuOrd supervi- 
sion for several Tartar radomes. Originally 
plagued by machining problems, a problem com- 
mon to most ceramics, production was limited to 
several nose cones a month. 

Development of new grinding techniques 
now allow material removal at the rate of 1 cu 
in. min. When facilities are completed, it is ex- 
pected that production of missile radomes can 
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Proper amount of molten nucleated. 


glass batch (approx. 1500°C) is 


automatically fed to female 
spinning mold. 


Glass batch settles to bottom of mold 
and center rod is swung into place. 
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After annealing and grinding the glass shapes to +0.010 in. of final dimensions 
they are “‘ceramed”’ by firing in an electric furnace (approx. 1200°C). Nucleating 
agent causes glass material to grow crystallites throughout the structure, 
causing it to become ceramic like. 
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Pyroceram NOSE CONES continue 


A metallic ring (Kovar) is used 
to secure the nose cone to the 
missile. Mechanical attachment, 
in company with epoxy adhesive, 
is used to attach cone to ring. 
Technician inspects glassy 
state nose cone visually 

before ceraming. 


aid * fae 


Ceramed nose cone becomes white (special treatment 
can make it transparent for use with infra-red homing 
missiles). Touch up grinding is done to make the 
shape ready for mounting. 


A REPRINT 


of this article can be obtained by writing on company 
letterhead to 


The Editor 


AIRCRAFT and MISSILES MANUFACTURING 
Chestnut & 56th Sts., Philadelphia 39, Pa. 
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be upped to 200 per month on some forthcoming 
contracts. 


Manufacturing—a tight-lipped policy 

A tight-lipped policy is still in effect about 
the precise processing details because of military 
classification and the fabricators’ unwillingness 
to part with research and development findings 
that have cost millions of dollars and years of 
work. 

Real secret is the technique of centrifu- 
gally casting (spinning) the dome shapes. The 
process was developed by Corning in 1949 to 
meet the demand for television picture tubes on 
the commercial market. This technique is adapt- 
able to radome production because Pyroceram is 
actually a glass in its early stages of processing. 
Glass fabricating techniques have also been 
adaptable to the subsequent grinding and shap- 
ing. 

The process begins with the melting of a 
regular glass batch, and the addition of certain 
undisclosed nucleating agents. The molten glass 
becomes completely homogeneous. This is the 
reason for the high uniformity and excellent 
dielectric properties of the final radome. A pre- 
determined amount of the molten batch is then 
gravity-fed into a female nose cone mold and 
spun for several seconds at high speeds. Centrifu- 
gal force causes the material to flow up the sides 
of the mold in a fairly uniform thickness. 

The shape is allowed to cool for several 
minutes and on removal from the mold is a 
glass radome. The glass is then annealed in a 
typical annealing kiln in preparation for grind- 
ing. 

It is in the closely guarded grinding area 
the the nose cone takes its final shape. All grind- 
ing details have been withheld. Tolerances within 
+0.010 in. of the ultimate shape are achieved 
in this stage. 

The radome is then fired at about 1200°C. 
It is during this reheating that it undergoes a 
transition from a glass to a ceramic-like crystal- 
line substance (Pyroceram). No dimensional 
changes occur. The nucleating agents added to 
the original batch permit the formation and 
growth of crystallites throughout the shape. 
Amount and type of nucleating agent, and vari- 
ations in the heat treatment determine the type 
of crystallization. This in turn controls proper- 
ties of the particular Pyroceram. 

The radome then receives a “touch-up” 
grinding, with tolerances held to +0.001 in., and 
is ready for mounting. The radome is attached 
to a metallic ring which is subsequently secured 
to the missile. A mechanical type attachment is 
used in conjunction with an epoxy adhesive to 
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secure the radome to the attachment ring. Al- 
though Pyroceram can be sealed to metals by 
metallizing or with a glass solder (adhesive), 
variations in coefficients of expansion are critical 
to the durability of the bond. This is the reason 
for the ridged mechanical seal. Kovar metal has 
a compatible expansion rate and has found use 
as the metal in the attachment ring. 


Material 


Pyroceram is not a single material but 
rather is a family of glass-ceramics that has 
only begun to be exploited. Its uses and formula- 
tions could easily become as extensive as the sev- 
eral hundred thousand glass formulations now 
known. 

Pyroceram 9606 was specifically developed 
to give uniform electrical properties at micro- 
wave frequencies for elevated temperature ap- 
plications in missile radomes. It is the material 
presently used in missile radomes. Properties 
are listed in the accompanying table. 


COMPARISON OF PROPERTIES 


CERAMIC 


PYROCERAM 
— ~ High Purity 


9606 9608 Aluminas 
Specific Gravity (25°C).. 2.60 2.50 3.6 
Water Absorption (%)... 0.00 0.00 0.00 
Porosity (gas 
permeability)......... gas tight gas tight gas tight 
THERMAL 
Softening Temp. (°C)°.. 1250 1250 1700 
Specific Heat (25°C)... 0.185 0.190 0.181 
Mean (25-400°C).... 0.230 0.235 0.241 
Thermal Conductivity 
(egs) 25°C mean 
I rsinte seis a sis ce 0.0087 0.0047 0 .052-0 058 
Linear Coef. of 
Thermal Expansion 
(25-300°C). (1077/°C) 57 7-20 73 (20-500°C) 
MECHANICAL 
Modulus of Elasticity 
Lo re 17.3 12.5 40 
Poisson’s Ratio....... 0.245 0.25 0.32 
Modulus of Rupture 
(abraded) (10% psi) . . 20 16-23 40-50 
Hardness 
Knoop 100 gm..... 698 703 1880 
500 gm... ... 619 588 1530 
ELECTRICAL 
Dielectric Constant 
Freq. 10° 25°C... 5.58 6.78 8 81 
300°C... 5.60 ster ek 
500°C... 8.80 So 9.038 
Freq. 10 25°C.... 5.45 6.54 8.79 
300°C. 5.51 6.65 s 
500°C 5.53 6.78 9.038 


Code 9608 is a white, opaque, fine-grained, 
crystalline material with high mechanical 
strength, very low coefficient of thermal expan- 
sion, and good hardness. 

Code 9605, withdrawn from production 
some time ago, is again to be made available with 
an improved coefficient of thermal expansion (18 
to 20 x 107/°C). 

a 
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Bendix* has long been a leader in supplying controls and fuel systems for all types 
of aircraft engines. Today, Bendix is proving to be a natural for new challenges 
in related missile fields—on ram jets, rockets, nuclear power, and other advanced 
propulsion systems. So, when it comes to controls, remember that Bendix has 
capabilities—and will travel—to help you solve your problems. *REG. U.S. PAT. OFF 


BENDIX Sviicn SOUTH BEND, IND. 
Circle 73 on Inquiry Card, page 65 
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one-piece turbine rotors 


combination of extrusion and forging techniques integrates blades and disk 


by Joseph Geschelin 


+1 Billet. #2 Blades sealed in Kirksite after having 
been positioned and indexed. 


#3. Completed wheel with the billet i Wheel after removal of Kirksite from 
extruded around the blade: roots. between blades. Subsequent face- 
machining will remove excess hub metal. 


cenbamsamapa= 68; 


continued on next page 
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continued 


rotors 


The cost of future gas turbines may be 
reduced appreciably through a_ revolutionary 
method of production for turbine and compressor 
rotors, developed recently by the Engineering 
Research Office of Ford Motor Company. Patents 
have been applied for by Ford to cover this new 
technique and a license agreement has_ been 
effected with the Steel Improvement and Forge 
Co. of Cleveland which has worked cooperatively 
on the project. 

Steel Improvement is already negotiating 
contracts for producing wheels for small gas tur- 
bines for marine, missile, and other military appli- 
eations. 

Briefly stated, the technique employs the 
principle of hot forging. First, the system of 
blading is positioned by means of an outer ring 
and an inner die. After the blades have been 
properly aligned and indexed, the space within 
the outer ring is filled with molten Kirksite. When 
the Kirksite has solidified, the inner die is re- 
moved and replaced by a hot billet. The billet then 
is extruded under suitable pressure, moving the 
plastic metal under and around the blade roots 
to effect a firm and completely filled mechanical 
bond. 

Relatively minor machining is necessary 
to remove excess metal from the wheel. It is also 
found that the natural grain-flow inherent in the 
forging process provides a secure and high load- 
carrying bond, free from stress concentration. 
Another advantage of the forging method is in its 
high-density structure, free from voids. This is 
said to simplify the job of final balancing. 

The principal objective of the research pro- 
gram involved in this development was to find 
positive means of drastically reducing manufac- 
turing cost. On experimental engine projects Ford 
has paid as much as $9000 for a single 9-in diam 
wheel, machined from a solid blank. Production 
wheels are said to range anywhere from $500 for 
a wheel of limited application up to more than 
$20,000 each. Similarly, vanes and buckets vary 
in complexity and cost because of the expense of 
machining the root to extremely fine tolerances. 
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In contrast, Steel Improvement advises 
that they are currently negotiating contracts to 
produce 6-in. and 9-in. axial turbine wheels at 
less than $100 each, plus the cost of blades. 

It is a distinctive feature of the new proc- 
ess that no machining of the wheel is necessary 
for holding the blading, nor is it necessary any 
longer to machine the root of the blade or bucket 
for retention. Blading can be produced by any 
commercial means, precision casting, forging, 
stamping, etc.; and the root can be made with any 
desired configuration and used without further 
machining. 

This is a truly “chipless” process in which 
the size and weight of the forging billet produces 
the finished wheel without loss of costly material. 

Another feature of this process lies in the 
advantage of producing integral stub-shaft or hub 
extensions on the wheel. Depending upon the size 
of the integral shaft its extrusion may be effected 
in more than one stage if necessary. 

Despite the fact that this development 
stemmed from a special problem at Ford, the 
resulting technique can be applied to wheels of 
larger diameter; and the process may be extended 
to such materials as molybdenum, columbium, 
titanium alloys, as well as to some of the more 
exotic alloys. 

It is also of interest that Steel Improve- 
ment already has studied ways and means of 
applying automation techniques to the selection 
and alignment of blading as well as of forging 
practice. If and when gas turbines are required in 
big numbers they will be able to recommend a 
complete package for low cost production. 
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Two Type 7191's receive special “D.C. hold-off” vibration 
test. All Tung-Sol/Chatham miniature hydrogen thyratrons 
— 7190, 7191, 7192 — must “hold off” while subject to 15G 
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vibration, swept from 50 to 2,000 cps in 4 minutes. Tubes 
also are shocked at 48° hammer angle in Navy high-impact 
flyweight shock machine, equal to 720G/1 millisecond shock. 


Tung-Sol/Chatham miniature hydrogen thyratrons 
supply test-proved ruggedness for missile use! 


Extensive in-factory tests assure designers 
Tung-Sol/Chatham miniature hydrogen thyratrons 
—7190, 7191, 7192—can withstand the severe 
shock and vibration met in missile flight. Perform- 
ance of these tubes in several operational missiles 
gives in-use proof of their ruggedness. 


In radar modulators and tracking beacons, these 
compact tough tubes supply 10 KW, replace bulkier 
types. Broad range of pulse repetition rates widens 
design choice . . . zero bias simplifies circuitry and 


AX 
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triggering requirements. Tubes hold off high volt- 
age, pass high peak current with low tube voltage 
drop. Three types available: 7190 — pin base, 7191 
——top anode connector, 7192 — flexible leads. 


Tung-Sol, only producer of miniature hydrogen 
thyratrons for missiles, can supply you immediately. 
For complete data on these types . . . on special- 
purpose tubes of all types, phone or write. Tung-Sol 
Electric Inc., Newark 4, New Jersey. Commercial 
Engineering Offices: Bloomfield and Livingston, 
New Jersey; Culver City, California; Melrose Park, 


Illinois. 
STUNG-SOL 


Circle 90 on Inquiry Card, page 65 
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frequent calibration of gage blocks insures 


repetitive manufacturing accuracy © 


by S. Peter Kaprielyan and John Kevern 


Manufacturing practices of the space age 
often require tolerances accurate within millionths 
of an inch. Such precision requires that reference 
standards, or the working set of gage blocks, be 
frequently compared with a master set to deter- 
mine the extent of wear through usage. For this 
process of periodic calibration, gage blocks are 
sent to the National Bureau of Standards, or to 
the manufacturer. This is both costly and time 
consuming. The current stress on higher stand- 
ards of precision has swamped both the Bureau 
of Standards and the manufacturers of these 
blocks. 

Shops may do their own periodic re-cali- 
brating with satisfactory accuracy, by exercising 
certain precautionary measures. Once established 
in the shop, this process can be effected at regular 
intervals, and in particular whenever damage is 
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Fig. 1 to Fig. 6 Typical 


suspected through use, or dropping. 

As a public service, the DoAll Co., Des 
Plaines, Ill., established a free school to teach 
checking of gage blocks. Attendance since its 
opening in 1956 included representatives from the 
Bureau of Standards, the military services, and 
the aircraft and missile industry. 


Setting Up the Calibration Lab 

The most important factor in calibration 
is the operator; the extent of accuracy will depend 
greatly upon his precautions and the ingenuity 
in setting up the layout. The location for this 
operation must be free from vibration, aisle traffic 
and drastic air currents. The room should be about 
8 by 10 ft, or larger; it should not change tem- 
perature more than 3°/hr. Windows, if present, 
should be covered to block out direct sunlight. 
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contour or fringe-line patterns. 
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Fig. 8. Basic gaging layout with trans- 
parent shield removed from between 
operator and comparator. Insert shows 
ideal arrangement of master blocks (in 
background, and those to be checked. 


The inspector should be alone within the 
immediate area to minimize motion and to pre- 
clude temperature changes due to body heat. A 
solid bench about 6 ft long by 30 in. wide should 
be used, provided with a 2-in. hardwood top, and 
resting on 2-in. sponge-rubber floor pads. Fluores- 
cent ceiling lights should be hung as far away 


Fig. 7. Desirable fringe-line pattern after burr removal. 
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as possible, and not directly overhead. For tem- 
perature uniformity, the top of the bench should 
be of light, natural finish, or covered with light 
paper. If more than one bench is used, they should 
be of the same height. Room temperature varies 
considerably from floor to ceiling, and all instru- 
ments must be at the same temperature level. 

Smoking should not be permitted during 
calibration, but a lit cigarette may be used to 
detect air currents while locating the bench. 
Baffles or partitions may be utilized to preclude 
air currents. 

Since a one-inch steel block will change 6.4 
millionths of an inch in length with every degree 
Fahrenheit change in temperature, a normalizing 
plate is used to keep the master gage blocks and 
the blocks to be calibrated at the same tempera- 
ture. 


Preparation for Calibration 


¢ Place unknown blocks on a clean cloth 
in bottom of shallow pan and add clean 
naphtha. 

® Remove blocks from bath individually, 
dry with lint-free paper. 

® Pick up each block with insulated for- 
cepts or tweezers, and brush gently with 
special brush. 


continued on next page 
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calibration of gage blocks 


® Place block under the beam of mono- 
chromatic light; place a fused quartz 
optical flat on the gaging surface, and 
move gently across to bring the quartz 
surface and the gage surface into close 
contact. 
® Observe pattern of lines appearing on 
gage-block surface. 
If the lines are evenly spaced and straight as in 
Figs. 1, 3, or 5, the gaging surface of the block is 
nearly perfectly flat. If the line pattern looks like 
Figs. 2, 4, or 6 it is an indication that the block is 
worn unevenly. A dust particle, a microscopic 
burr at the edge or on the face of the block, or a 
particle of grit embedded in the gaging surface 
could prevent the optical flat from making close 
contact with the gage block surface. If brushing 
the mating surfaces of the block and optical flat 
does not change the pattern, the block should be 
washed again and the procedure repeated. If the 
pattern of many fine fringe lines persists, it is 
an indication that a deformation, either a burr 
or embedded grit, exists on the surface of the 
block. This condition renders the block not only 


Fig. 9. Cleaning bath prior to inspection. 


Fig. 10. After cleaning bath, each gage block is brushed 
to remove stray particles of lint or dust. 


continued 


unreliable as a gaging instrument but becomes a 
possible source of damage to the other blocks 
when used in combination with them. If many 
worn blocks are found, and there are no adequate 
calibration facilities in the plant, the entire set 
should be sent to a reputable gage block manufac- 
turer. Inspection records should always be kept 
of the condition of each block. 

Gage blocks under one tenth (0.100) of an 
inch are relatively flexible, and are checked be- 
tween two optical flats. The thin block is first 
“wrung” against the surface of one flat, and after 
insuring that perfect contact has been established 
(without a line pattern), the opposite surface is 
inspected under a second optical flat, as before. 


Burr Removal 


The burred surface of a gage block should 
be rubbed firmly across the clean surface of the 
deburring stone until the block begins to “wring” 
or drag on the stone. The lapped surface of the 
black granite deburring stone will smooth away 
small burrs without affecting the gaging surface. 
The block should be washed, dried and checked 


Fig. 11. Black granite deburring stone is used to dress 
off microscopic burrs from biock surfaces. 


Aircraft and Missiles Manufacturing * August 1958 


ae 
- 

SS ee 

22 eee 


Fig. 17. The principle of the electric comparator is 
based on a system of leverage magnified electrically 
up to 100,000 times. 


again under the Monolight. Now the fringe line 
pattern should be more like that in Fig. 7. 


Calibration Procedure 


After cleaning and inspecting, the blocks 
to be calibrated and the master blocks are 
arranged on the normalizing plate. Each unknown 
gage block should be placed close to the corre- 
sponding master, starting at the back of the 
normalizing block with the longest gage blocks, 
and leaving only enough space between blocks to 
permit inserting insulated forceps to pick them up. 

The larger blocks are placed at the back 
to keep them as far away from the inspector as 
possible to minimize any transfer of heat from 
his body. The smaller blocks have a greater per- 
centage of area in contact with the normalizing 
plate and are less susceptible to this effect. To 
minimize this heat transfer, the inspector should 
wear a white coat or apron, and handle the blocks 
only with the insulated forceps. In addition, the 
comparator has a transparent shield between the 
inspector and the blocks on the anvil. The blocks 
should be allowed to stand in the closed, draft-free 
room for at least one hour per inch of length of 
the longest block. 

Beginning with the longest block, the com- 
parator should be set to include any deviation in 

continued on next page 


1. Inspector—conscientious individual who recognizes 
the importance of cleanliness and attention to detail. 


2. Room—clean, draft and vibration-free space at least 
8 x 10 ft in dimensions. 


3. Bench—solid table with a 2-in. hardwood top, ample 
work space. 


4. Master gage blocks—a set of steel grade A gage blocks 
made by a reputable manufacturer and calibrated by the 
National Bureau of Standards or the manufacturer. 
(Federal Specification GGG-G-15, June 7, 1956.) 


5. Comparator—with one-millionth graduations. 


6. Monochromatic light—having a single wave-length of 
23.2 millionths of an inch. 


7. Optical flats—a pair of two-inch, one-millionth 
optical flats. 


8. Deburring stone—made of lapped black granite. 
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MINIMUM REQUIREMENTS FOR THE INSPECTION AND CALIBRATION OF RECTANGULAR GAGE BLOCKS 


) THE LEVERAGE PRINCIPLE 
+ 


SETTING! THE GAGING 
' 


grey 


ELECTRICAL 
AMPLIFICATION 


THE STANDARD THE PLANE 7 


VISUAL RECORDING OF 
SPINDLE MOVEMENT 


MILLION THS 


ceidimceneemhd 
i ene Ceenmen ede 1-6 


Fig. 12. Principle of contour or fringe-line propagation 
through the use of an optical flat under 
monochromatic light. 


9. Solvent—pure naphtha in fireproof storage can. 


10. Cleaning tray—photographer’s enameled developing 
tray with cover, or equivalent. 


11. Wiping paper—soft lint-free papers for drying blocks 
after bath. 


12. Towels—soft, lint-free cloth towels for wiping 
blocks and optical flats. 


13. Brush—camel’s hair or sable brush to remove lint 
from gaging surfaces. 


14. Insulated forceps or tweezers—for handling gage 
blocks with minimum heat transfer from inspector. 


15. Normalizing plate—!/, x 14 x 18 in. ground and 
polished steel, to support gage blocks. 


16. Aluminum foil—to provide a reflective surface 
for the normalizing plate. 
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calibration of gage blocks 


Fig. 13. Wringing thin gage block against optical flat. 


Fig. 15. Absence of line pattern is indicative 
of good backing contact. 


the master block. For example, if the master block 
calibration chart shows the four-inch block to be 
two millionths oversize, the comparator should be 
set at “plus two millionths.” Then, any deviation 
of the unknown block can be read directly from 
zero. The master block is then returned to the 
normalizing plate and the unknown block mea- 
sured at its center on the calibration record. 

The comparator setting should again be 
checked with the master and the unknown block 
rechecked. This should be repeated a third time. 
The readings should agree within two-millionths, 
in which case the average of the three readings 
may be accepted as the “true size” of the unknown 
gage block. This routine should be carried out for 
the remainder of the set. 


When to Recalibrate 


Federal specifications for inspection sets of 


24 


a ae 


a 


continued 


Fig. 14. Line pattern indicates unsatisfactory contact 
between thin block and optical flat. 


Fig. 16. Visual inspection of thin block between 
two optical flats. 


gage blocks recommend quarterly inspection. It 
can be made more frequently for finer quality 
control, or when the gage blocks are in constant 
use. If gage blocks have been dropped they should 
be recalibrated. Size, flatness or parallelism can 
be seriously affected by a hard blow even though 
no visible damage may be apparent. 
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A REPRINT 


of this article can be obtained by writing on company 
letterhead to 


The Editor 
AIRCRAFT and MISSILES MANUFACTURING 
Chestnut & 56th Sts., Philadelphia 39, Pa. 
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Zirconium, thorium, cerium ... strange names for little known, 
little used elements. But add them to magnesium, and a new family 


(Advertisement) 


of metals appears. Preserving the high strength-weight ratio 

of the featherweight metal, they add high-temperature properties 
that have proved a necessity in high performance aircraft 

and missiles. A specialist in light metals casting, Rolle knows 


One-fourth the weight of steel... two- 
thirds the weight of aluminum. . . mag- 
nesium has carved a featherweight niche 
for itself in modern materials engineering. 

But the reputation won by the 
magnesium-aluminum zinc alloys was won 
at room temperatures. Where high tem- 
peratures obtain, the “structural” alloys 
are no longer structural, and the lesser 
known “premium” group comes into 
its own. 

These alloys, providing excellent high 


. temperature properties and creep resist- 


ance to 660F, are also characterized by 

¢ uniform strength of varying 
cross-section 
« high fatigue strength 
¢ low notch sensitivity 
¢ freedom from microporosity 
¢ good stress rupture characteristics 
¢ good founding qualities 
Naturally, properties vary within the 
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TEMPERATURE 


group, but a rough comparison of indi- 
vidual advantages can be drawn. 


a profile of the “premium alloys” 

ZKS1A and ZEA41XA are superior, fine 
grained alloys with high yield strength 
and ductility, excellent fatigue properties, 
low notch sensitivity, and they are pres- 
sure tight without impregnation. Alloy 
ZH62XA offers these same general proper- 
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these alloys as you know the back of your own hand. 


how to save weight 
at high temperatures 


HIGH TEMPERATURE 
TENSILE PROPERTIES 
ALLOY. MAGNESIUM HZ 324 
COND. SAND CAST 

HEAT TREATED 


an introduction to the magnesium-rare earth-thorium alloys 


ties but is stronger than ZK5] A. The room 
temperature strength of ZH62XA is com- 
bined in a relatively new alloy, ZH42, 
with creep resistance to 480F. 

Complete freedom from microporosity, 
excellent founding properties, and low 
heat treating tem peratures, characterize 
EZ33A, a magnesium-zirconium-cerium 
alloy. Like ZH42, EZ33A resists creep to 
480F, and possesses good tensile proper- 
ties at both normal and elevated 
temperatures. 

HZ32A, perhaps the most important 
alloy of the series, contains thorium 
rather than cerium. Equal to EZ33A in 
strength, founding properties, and heat 
treating characteristics, it resists creep 


to 660F. 


ideal for engine castings 


Though each of these “premium” alloys 
offers specific advantages, the benefits of 


ELONGATION 


HZ32A have undoubtedly been most im- 
pressive. Its unique heat resistance prop- 
erties permit weight savings in stressed 
turbine engine parts with magnesium 
castings for the first time. A typical 
example is the part illustrated above . 

a jet engine compressor housing . . . sand 
cast by Rolle in HZ32A. Success of this 
alloy in such applications can be inferred 
from the two graphs—High Temperature 


Tensile Properties and Creep Resistance 
For Specified Plastic Strains. 


maintaining specified properties 


Chances are you spend hours...even 
days ...studying the “book” specifica- 
tions of a metal before you design it into 
a part. But the book you’ve been working 
with too often gets thrown out the window 
with the first production run. Getting the 
most out of the premium alloys and into 
the cast part is often a difficult task, but 
we feel we’re in an ideal position to do 
just that. Sand, shell, and permanent 
mold casting the light metals . . . and only 
the light metals . . . is our business. 


fifty-eight page engineering manual 

A considerable amount of data oni thie 
design properties of the aluminum and 
magnesium alloys can be found between the 
covers of our light metals casting manual. 


CREEP RESISTANCE FOR 
SPECIFIED PLASTIC STRAINS 
ALLOY. MAGNESIUM HZ 324 
COND. SAND CAST 
aS CAST 
TEMP., 617°F 


We'll gladly send you a copy on letter- 
head request. Write Rolle Manufacturing 
Company. 317 Cannon Avenue, Lans- 
dale, Pa., or call ULysses 5-1174. 
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missile bugaboo- 


attaining 
reliability 


four-step, integrated program in operation 
at MOSD, General Electric characterized by 


constant rechecking. 


by Edwin D. Karmiol, Harry Kimel, John S. Youtcheff 
Missile and Ordnance Systems Dept., 


General Electric Co. 


Missile designers must strive for increased 
performance and particularly increased accuracy. 
This is usually met only with an increase in com- 
plexity, which is a prominent contributor to un- 
reliability. 

Missiles do not fail because of a few fre- 
quently recurring types of component failure, but 
rather because of thousands of rarely occurring 
component failures. It may be said that it is the 
“small illnesses,” rather than the “epidemics” 
which are keeping missile reliability down. 

Flight testing cannot be relied upon in 
itself to increase reliability because the number of 
missiles that can be fired in a flight-test program 
is rarely large enough to determine all modes of 
failure. Besides, once a missile has left the 
launching pad, it is almost impossible to deter- 
mine the exact equipment failure in flight. Even 
the most elaborate telemetry is a poor substitute 
for physically examining the faulty component. 

We are faced with complexity because 
there is insufficient time in most development 
schedules to find the simple solution. It seems that 
it is a simpler design task to make existing com- 
ponents more complex for the fulfillment of re- 
fined missiles than it is to design a new less- 
encumbered component. 


Reliability Planning 

Modern missile systems require early plan- 
ning in the research and development stages. An 
overall program is necessary to integrate and 
measure the reliability efforts during the develop- 
ment cycle. The reliability program considered 
here consists of four major phases: attainment, 
measurement, maintenance, and prediction. The 
value of this particular program has been demon- 
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strated on ballistic-missile systems and other vital 
defense projects within the Missile and Ordnance 
Systems Dept. of the General Electric Co. 


Four Major Phases 

Attainment is a design phase directed to- 
ward the development of a basic product having 
a high reliability. 

Measurement is a test program that pro- 
vides product information under an expected en- 
vironment. 

Maintenance is a thorough check-out pro- 
gram to meet the operational objectives. 

The prediction phase is a program for de- 
veloping statistical data. The program phases and 
objectives are illustrated in Figure 1. 


RELIABILITY ORGANIZATION AND 
RELATIONSHIPS AT 
MISSILE AND ORDNANCE SYSTEMS DEPT 
GENERAL ELECTRIC COMPANY 
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Attaining Reliability EQUIPMENT 


DEVELOPMENT DESIGN REVIEW PROGRAM 
The reliability activities consist of gaining PHASES 


a knowledge of parts capabilities, holding periodic 
design reviews, and providing for feed back of PRELIMINARY nine iiiiaien ieee 
equipment test and evaluation, and performance —— a 


and failure analysis. eieiienk ail aeaia 
Operational and environmental parameters SUITABILITY AND RELIABILITY 
must be analyzed to assure that design specifica- 
tions fully cover the environmental limits of the 
actual operation. s CONDUCTED BY RELIABILITY OPERATION 
BASIC DESIGN: There are many well-under- 
stood design practices for increasing the reliabil- IN_CONJUCTION WITH 
ity of a device or system. Several of the more 
important of these basic design practices are: 


* Reduction of equipment complexity. SNES OE SENN CNOEENS 
* Use of adequate safety margins and 
tolerance circuitry in design. 
* Selection and proper application of com- COMPONENT APPLICATION ENGINEERS 
ponent parts. a 
* Redundancy through duplication of criti- GOALITY CONTROL EHOMEERS 
cal elements and circuitry. 
* Design improvement through engineer- P 
ing test, analysis, and redesign. GE GENERAL ENGINEERING 
DESIGN REVIEW: Design review must pro- a 
vide a means for appraising and coordinating the peagtaneeiing — 
design aspects of the work on a planned basis to Por, 
assure an overall design suitability. The reviews aide iain. aii 
should be held at periodic intervals during the ‘ siitlibladi: cadiaiinaeaiiaiaaan tai 
several phases of the development cycle. Designs CORRECTIVE ACTION 
should be evaluated with respect to the following: Fig. 2 
* Stability and adequacy of tolerance in 
the employed circuitry. 
* Possible reduction in complexity by the 
use of tradeoffs. continued on next page 


. SPECIFIC DESIGN ENGINEER 


SYSTEM ENGINEERS 


MOSD SPECIALISTS 


FIGURE 1—RELIABILITY PROGRAM 


Phase Reliability Activities Phase Objective 
I—Reliability Attainment Phase 1. Establish Philosophy The development of a basic design having a 
2. Reliability Education high reliability potential. 
3. Knowledge of Parts Capabilities 
4. Design Reviews 
5. Corrective Action Feedback 


Il—Reliability Measurement Phase 1. Design Capability An integrated environmental test program 
(a) Component Qualification Tests which provides adequate information con- 
(b) System Qualification Tests cerning the functional capabilities of the 
2. Design Performance design and its ability to properly perform 
(a) Field Tests under its expected environment. 


(b) Flight Tests 


Il] —Reliability Maintenance Phase . Quality Control A check out program which provides maxi- 


(a) Acceptance Tests mum assurance during the R & D_ pro- 
(1) Inspection duction stages that the equipment is 
(2) Functional capable of meeting its operational objectives 
(3) Operability Assurance during each phase of the program. 


(b) Re-qualification Tests 
Quality Maintenance 

(a) Pre-flight Tests 
(1) Inspection 
(2) Functional 


to 


IV—Reliability Prediction Phase Sequential Life Testing Development of analytical and statistical 
(a) Systems data for adequate reliability prediction. 
(b) Components 
Advanced Studies 
(a) Device Testing by Variables 
(b) System/Component Reliability 
Relationships 


to 
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continued 


attaining reliability 


* Proper application of component parts 
and materials through the use of derat- 
ing factors. 

* Use of appropriate redundancy and fail- 
safe elements. 

* Environmental stresses, including wear- 
out of parts. 

* Provision for preventive maintenance, 
ease of maintenance, and human use 
factors. 

® Effects on reliability when design is 
manufactured. 

The reliability operation should conduct 
the review in conjunction with specific design en- 
gineers and consultants. Consultants can be 
utilized in vital areas such as temperature, vibra- 
tion, nuclear radiation, and shock. The specific 
design engineer should furnish all pertinent draw- 
ings, description of equipment operation, and the 
physical hardware (when available) as inputs to 
the design review meeting. Written recommenda- 
tions can be made to the responsible managers 
and engineers on desired changes in design ap- 
proach concepts, which add to the reliability and 
stability of the design. Periodic follow-up meet- 
ings should be held to assure that action has been 
taken on the recommendations made at the Design 
Review Meeting. The design engineer, however, 
must always remain fully responsible for the spe- 
cific design. 

The design review program should be in- 
tegrated with the major equipment development 
phases to provide for adequate design evaluation 
and necessary correction early in the development 
program. This is illustrated in Figure 2. 

The design reviews thus assure that each 
design is enhanced by cumulative knowledge of 
engineers and specialists having extensive experi- 
ence in specific design areas. 

COMPONENT PART CAPABILITY: Dominant 
stresses which affect the life and principal char- 
acteristics of component parts should be thorough- 
ly investigated to determine catastrophic failure 
rates. Breaking strength of component parts can 
be measured by increasing the severity of domi- 
nant stresses. Evaluation of component parts to 
obtain changes of principal characteristics as a 
function of time can be made with individual and 
additive dominant stresses applied. Qualification 
tests should be performed and utilized to select 
vendors when specific part evaluation testing is 
not feasible. In addition to testing, component 
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part information of this nature should be compiled 
from vendors, other company activities, and gov- 
ernment sources. 

RELIABILITY EDUCATION: Periodic educa- 
tional sessions should be held to acquaint all sys- 
tems, design, and test personnel with the methods 
of achieving the reliability objectives. Reliability 
program objectives should be fully discussed with 
sub-contractors, vendors, and all company per- 
sonnel. “State-of-the-art” information pertaining 
to reliability should be disseminated through the 
media of educational sessions and memoranda. 


Measuring Reliability 


Although system reliability can be achieved 
through an adequate equipment and design analy- 
sis, a test program is required to measure the 
actual degree of reliability attainment. The re- 
liability program is thus directly concerned with 
two broad areas of equipment testing. These are 
the equipment design capability, or qualification 
tests, and tests of actual system performance. 

The equipment design qualification test 
program provides for an examination of the an- 
ticipated environmental stress levels. This allows 
for the establishment of a test limit safely above 
the determined operational level. The design 
qualification program should include not only com- 
ponent tests, but also system tests which are de- 
signed to complement the component design quali- 
fication tests at the system level. It is the function 
of these tests to uncover any design, specification, 
or interface inadequacies, while demonstrating 
the system’s ability to perform its intended func- 
tion under anticipated environmental conditions. 
These tests provide system operational data rela- 
tive to the specified environmental stresses. 

This equipment qualification program, in 
conjunction with field and flight tests, provides 
optimum data necessary for evaluation of equip- 


- ment reliability while engaged in proving design 


capability and performance. The information 
gained from the operational test program can 
probably be regarded as the most realistic in mea- 
suring the reliability of a system prior to its pro- 
duction in quantity. Feed back of modes of fail- 
ure from the ground and flight test program en- 
ables the design operations to make any necessary 
corrections prior to production. The elements of 
a test program are described in the following 
paragraphs: 

TEST PLANNING: An integrated test pro- 
gram can be established to provide for the prepa- 
ration and review of adequate environmental test 
specifications, and for the evaluation of the test 
results. This test program can also provide a 
means of formally qualifying equipment that has 
demonstrated design capability adequate to per- 
form its task requirements. The planned tests 
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should be sufficiently comprehensive to allow de- 
tection of important modes of failure. 

Reliability test planning should also pro- 
vide for testing to failure on major parts and com- 
ponents where necessary. Tests can be designed 
to increase the environmental and/or test time 
severity beyond specification requirements to de- 
tect marginal parts. This allows for the measure- 
ment of safety factors employed in the design. 
Feedback of results permits the designers to as- 
sure an adequate safety margin. 

TEST EVALUATION: Within the reliability 
program, a detailed operational log should be 
maintained. This log should show all accrued test 
time on the equipment, the nature of the con- 
ducted tests and the test environment. This data 
should be analyzed with other available reliability 
data in determining the equipment reliability and 
modes of failure. 

FAILURE REPORTING AND ANALYSIS: All in- 
formation and data affecting the reliability of the 
equipment should be organized, analyzed, evalu- 
ated, and fed back to the design operations as 
rapidly as possible. This can be accomplished by 
utilizing a uniform and compatible failure report- 
ing system applicable for collecting component, 
subsystem, and system failure data. Such data 
can be collected from design qualification, accep- 
tance, field and flight tests conducted at vendor 
facilities, test sites, and operational areas. 

Where significant or recurring failures 
arise, a formal failure analysis should be con-- 
ducted by the responsible design engineer, a qual- 
ity control engineer, a reliability engineer, a com- 
ponent parts engineer, a systems engineer and 
required technical specialists. The investigative 
body can be chairmanned by the reliability engi- 
neer who should include the issue of a written re- 
port of the findings. 

The analysis team isolates causes of failure 
into the following categories: (a) design, (b) 
workmanship, (c) material, (d) inspection er- 
rors, (e) unrealistic specification, (f) test methods 
equipment. Recommendations should be made for 
corrective action in the issued failure analysis 
report. A summation of findings pinpointing 
modes of equipment failures should also be issued 
periodically. Follow-up meetings can be held to 
monitor the corrective action taken. 


Maintaining Reliability 

It is essential to provide assurance that 
the equipment reliability attained in design is 
maintained in production. This can be accom- 
plished through quality control and field testing. 

The quality control activities should include 
(1) detailed equipment inspection, (2) functional 
acceptance tests and (3) environmental operabil- 
ity assurance tests. The field testing should con- 
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RELIABILITY MEASUREMENT 


RELIABILITY MAINTENANCE 
DESIREC 


RELIABILI 
LEVEL 


MEASURED BY : 


MAINTAINED BY 


1. ACCEPTANCE TESTS 
2. REQUALIFICATION TESTS 
3. PRE-FLIGHT TESTS 


1. QUALIFICATION TESTS 
2. FIELO TESTS 
3. FLIGHT TESTS 


THROUGH THROUGH 


RELIABILITY ————— 


A. INTEGRATED TEST PROGRAM 
B. DATA ACCUMULATION PROGRAM 
C. FAILURE REPORTING PROGRAM 


INTEGRATED TEST PROGRAM 
DATA ACCUMULATION PROGRAM 
FAILURE REPORTING AND 
ANALYSIS PROGRAM 
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RELIABILITY MEASUREMENT AND MAINTENANCE 


Fig. 3 


RELIABILITY DATA FLOW CHART 


DATA INPUTS ANALYSIS DATA OUTPUTS 


EQUIPMENT 
OPERATIONAL 
HISTORY 


QUALIFICATION 
ATA 


(COMP & SYSTEM) 


ACCEPTANCE RELIABILITY 


DATA ms PREDICTIONS 
(COMP. & SYSTEM) 
RELIABILITY 
AT. 


FIELD DATA : 
FLIGHT DATA 


OATA 
ANALYSIS 


CORRECTIVE 


ACTION 
RECOMMENDATIONS 


EQUIPMENT 
PROVISIONING 


Fig. 5 


sist of both pre-flight functional tests and periodic 
inspections. 

The environmental operability tests should 
be conducted at stress levels below the level estab- 
lished for the design qualifications tests. These 
tests supplement the normal quality control effort. 
The above tests have proven successful in estab- 
lishing the location, and providing for the correc- 
tion of workmanship defects and incipient fail- 
ures, prior to equipment assembly in the overall 
systems. 

To provide assurance that the components 
being produced in semi-production or production 
quantities comply with the specified environment- 
al design requirements, a component requalifica- 
tion testing procedure should be provided. Here, 
a random selection of components is subjected to 
the same environmental and life tests required 
for the original design qualification. 

Optimum performance of complex weapons 
systems is more than a matter of design and 
manufacture. Proper installation, operation, re- 
pair, and performance analysis are all key factors 


continued on next page 
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in obtaining the maximum usefulness of any com- FIG. 4. RELIABILITY PREDICTION TA 
ponent or subsystem. To assure that all system (Example at 95°% Confidence Level) 
equipment is continuously in operational readi- Unit Minutes ey See ‘ 
ness, periodic pre-flight inspection and functional of Testing per eerie a , ae aaa ae 
Operational Min. 2 ‘ 4 ‘ 
tests should be conducted. These tests assure that ee ‘ ; i Be 
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ability with a given confidence. Figure 4 illus- 
trates the corresponding reliability and confidence 
levels for various test times and test results as 
sequentially accrued in equipment testing. 

This prediction method requires that the 
equipment failures, in the area of interest, are 
subject to an exponential chance-failure curve. 
This can be verified or modified as test data are 
accrued on the various system components. In ob- 
taining the test data, the system equipment, on 
which the unit test time is accrued, must be from 
the same population as the operational equipment. 
The best environment must also be the same (or 
as severe) as the flight environment for the op- 
erational time period considered. Care must be 
taken that the equipment wear-out portion of the 
life curve is well. beyond the total test and flight 
time in the required operational environments. 
For this reason, special wear-out data should be 
compiled for use early in the program. 


A REPRINT 


+ of this article can be obtained by writing on company 
letterhead to 


The Editor 
AIRCRAFT and MISSILES MANUFACTURING 
Chestnut & 56th Sts., Philadelphia 39, Pa. 
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A B-L-H 150,000 Ib, SR-4 machine determines effects of 
very rapid loading on samole of beryllium metal. 
Loading rate is 8000 to 250,000 Ib per min. Test is so 
severe specimen fails in one second. Measuring 
equipment in this test includes an SR-4 load cell 
(cylinder suspended from top straining head) and SR-4 
strain gages on sample. 


Comprehensive testing of all materials and 
structural parts at The Martin Co., Baltimore 
plant has aided the successful production of the 
P6M SeaMaster, and two tactical missiles— 
Matador and Mace, as well as a new honeycomb 
structural technique that won The Franklin In- 
stitute’s, John Price Wetherill Medal last year. 
Martin static and fatigue testing laboratories test 
intensively the strengths of materials and struc- 
tures. 

Materials currently being tested at tem- 
peratures as high as 3000°F are titanium in alloys 
and as pure metal, magnesium-thorium alloys, 
beryllium, boron, common steels, hot-worked die 
steel and precipitation hardened stainless steel 
sheets, bars and fasteners. 

Prototypes of each part, component and 
structure are tested under static conditions of 
load and temperature, and in simulations of all 
possible operational cycles at temperatures up to 
1800°F. 

The tests of both materials and structures 
cover fatigue, dynamic creep, static load, impact 
load and static creep. Many of these tests continue 
for two and three days with the machines auto- 
matically compensating to hold loads constant or 
to maintain steady cycling. 


Fatigue Lab 

Two Baldwin -Lima-Hamilton, IV, five 
SF-1-U and one SF-10-U machines are used in 
the fatigue lab. The SF machines, mainly used to 
test fatigue characteristics of metal samples are 
operated constantly. Samples are tested at 1800 
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static and fatigue laboratories 
pretest materials and components 
to insure reliability of 

final structure 


cpm with alternating forces of from 1000 to 
25,000 Ib. 

The I-V machines have allowed Martin to 
broaden the area of fatigue work. On the small 
machines, samples could be fatigue tested for 
torsion, bending, and tension and compression. 
A unique feature of the I-V machine is that it 
compensates for creep and maintains constant 
both the static and dynamic loads. The I-V ma- 
chines are equipped with two types of furnaces 
and other special equipment. Tests are conducted 
at temperatures up to 1800°F. Both Marshall 
Products, flexure testing furnaces and Hevi-Duty 
tubular split-type furnaces are used. 

The three flexure furnaces each measuring 
24 by 24 by 12 in., are of the circulating air type, 
designed especially for Martin. Temperatures 
reach up to 1350°F. 

Stainless steel honeycomb structures for 
the Titan ICBM are fatigue tested in this furnace 
at 1200 cpm—zero to 12,000 lb Joad—and at 
1000°F. 

Tubular, split-type furnaces, capable of 
reaching 1800°F, are used in testing such small 
components as the four per cent aluminum; four 
per cent manganese-titanium bolts made by 
Standard Pressed Steel Co. for the P6M Sea- 
Master. 


Static Testing Lab 

Three new B-L-H 150,000 lb capacity SR-4 
testing machines have added an essential flexi- 
bility to the static testing laboratory. Previous 
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continued 


Tests of aircraft components are run to ten million 
cycles on a Baldwin-Lima-Hamilton I-V machine. Test 
being run employs a Hevi-Duty tubular split type 
furnace, dark cylinder above table, which can provide 
temperatures as high as 1800°F. 


to their installation, the laboratory had five B-L-H 
testers: two 5000 lb, one 120,000 lb, and one 
400,000 Ib machine. 

The 400,000 lb capacity machine is used 
to test entire structures and assemblies. Small 
5000 lb units static test small components and 
non-metallic materials. 

SR-4 machines have been employed for 
hysteresis studies as well as tension and com- 
pression on such components as the Pyrotex nose 
cone for the Vanguard missile. These tests re- 
quired holding a constant load for as long as 72 
hr. Martin claims that the SR-4 is the only ma- 
chine capable of performing this task. A load 
holding indicator mechanism and ball bearing 
screw drive provide for a constant load over any 
time cycle. 

The SR-4 also serves as a fatigue tester 
where a testing speed of 20 cpm is suitable. A 
sample may be tested in both tension and com- 
pression between the single testing head and the 
table. The drive permits cycling tension and com- 
pression. 

With this arrangement a whole program of 
simulated operational strains can be applied. 
Martin intends to program such tests with a tape 
that feeds in time, load and temperature simul- 
taneously. Temperature changes in the sample are 
obtained by a furnace or resistance heating. 

In the electric resistance heating method, 
temperatures as high as 3000°F are achieved in 
two seconds by using 600 to 1000 amp. 

Strain gages and load cells are regularly 
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Unique method for measuring creep has been developed 
by Martin for use with this bank of B-L-H 20,000 Ib creep 
testers. Motion picture cameras take series of stills at 
prescribed intervals as creep machines apply force to test 
specimens. Progressive amounts of creep are recorded 

on a film that is pre-calibrated with a dentate edge, and 
preset crosshairs. Sawteeth along this edge, 0.001 in. 
apart, and crosshairs provide a scale against which creep 
deformation can be read to a sensitivity of 0.00001 in. 


used as supplementary gaging devices. Load cells 
give auxiliary measurements in tests where load- 
ing is extremely rapid. Strain gages are used to 
measure stress patterns. 

Extra load cells and gages can be plugged 
directly into the console of SR-4 machines. Read- 
ings are taken on built-in recording equipment. 

In addition to the SR-4 machines, the 
static laboratory has 11 B-L-H 20,000 lb and 
three 12,000 lb creep testers for examining creep 
deformation of metallic and non-metallic mate- 
rials. By applying to these machines a photo- 
graphic measuring process originated at Martin, 
the laboratories can read creep deformation to 
a sensitivity of 0.00001 in. 

All of the data from each test in both 
laboratory areas are accumulated as a permanent 
test record of metal specimens, small parts, com- 
ponents and structures. Where mathematical cor- 
relation of various data on the same piece or on 
combinations of pieces is required, the data is 
fed to a Benson-Lehner BOSCAR for computing. 
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T2) jet trainer 


The T2J tandem-seat jet trainer engi- 
neered and produced by North American’s Colum- 
bus Division, is the culmination of many years of 
experience in trainer development. 

This ship is aimed to provide, in one plane, 
a complete pilot training system extending from 
basic through advanced training. Its versatility 
is based primarily on a speed range extending 
from about 65 knots (stalling speed), to approxi- 
mately 430 knots (top speed), a high rate-of-climb, 
and an operational ceiling over 40,000 ft. 

The T2J is presently being built for the 
Navy, but North American also hopes to interest 
the Air Force. Considerable interest has also been 
aroused, for similar applications, from friendly 
powers overseas. 


Basic Design Philosophy 
The knowhow incorporated in this trainer 
extends from the early BT-7 through the T-6, the 
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SNJ and the more recent T-28, combined also with 
Sabre Jet and Fury Jet experience. The T2J was 
designed throughout keeping in mind Murphy’s 
Law. Murphy’s Law is the time-tested axiom that 
states “If an aircraft part is so designed that it 
could be assembled or installed wrong, chances 
are, someone will install it the wrong way.” A 
corollary to Murphy’s Law has also proven that 
in times of operational maintenence difficult-to- 
reach areas or components would turn into poten- 
tial trouble-spots due to service personnel fatigue. 
With these in mind access to all equipment bays 
has been provided approximately between eye and 
belt levels, through two doors, one on each side, 
below the cockpit. 

Aiming for economy, logistical simplicity, 
and reliability, many new components were by- 
passed in favor of already available military in- 
ventories. Functional simplicity has been the 
prime design philosophy throughout this trainer. 
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North American designs aircraft for 
basic through advanced pilot training; 
“‘Murphy’s Law”’ major consideration 


Emphasis on Safety 


® A rocket-launched ejection seat, devel- 
oped by North American, provides for safe separa- 
tion from the T2J both at ground level and at high 
altitudes. Following initiation of escape, the se- 
quencing of the system is fully automatic. To 
initiate ejection the pilot can either pull a “D” 
ring mounted below the edge of his seat or pull 
down a face curtain. In either case the canopy 
is ejected, an inertia reel straightens the pilot to 
cockpit clearance posture, the seat is fired about 
200 ft into the air, the restraining straps discon- 
nect the seat from the pilot, separation of seat is 
effected, and the parachute is activated. A small 
drogue chute serves to stabilize the seat during 
ejection at high speeds. 

° A low, wide-tread (18.4ft), tricycle land- 
ing gear offers good ground control characteris- 
tics. The nose wheel is located slightly behind the 
engine intake ducts to prevent the suction of 
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Exposed auxiliary gear compartment indicates accessibility from 


by John Kevern 


debris, kicked-up by the nose wheel, into the en- 
gine. 

® High-mounted tail surfaces minimize 
buffeting effects, and good spin recovery is in- 
sured through the projection of 45 per cent of 
rudder surface below the horizontal stabilizer. 

¢ A fail-safe concept has been engineered 
into the hydraulic control system: in the event of 
hydraulic and/or electrical system failure, the 
pilot can manually lower both the arresting and 
landing gear and maintain unboosted control of 
control surfaces. 

® The stepped seating arrangement ahead 
of the wing offers good all-around visibility, and 
places the flight instructor ten inches higher than 
the student, for better observation. Also, the 
relative location of the student allows him to see 
his landing gear. External kick-in slots obviate 
the use of mounting ladders for reaching the 
cockpit. 


continued on next page 


ground level. 
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12) jet trainer ition 


Sloped cockpit configuration allows flight 


Interior of air-intake ducts as seen from engine side. 
instructor to observe actions of student pilot. 


Platform under wing jig 
provides accessibility during 
assembly. 


Wide-tread landing gear (shown in 
process of retraction) promotes > 
stability during landing. 


Aft section of T2J in jig, showing dive brake niche Airframe structure behind fuel cell where 
and fitting. 


aft fuselage section joins the main frame. 


_ 


) 


aay 


Ps 


’ 
\ 
- 


- 
a“ 

4 ll 

- 


>.) 
=, 


° 
; 
7 . —- sf 
q 7) J 
’ \ Al 
q , » 
— t : 3 
° ‘ Ds ‘ : = 
XS A } “ff 
g ‘Ff 
 , ~~ ‘ y i 
~~ od? 4 4 a 
+ E- . 
~ a A i 


36 Aircraft and Missiles Manufacturing * August 1958 


Pid : ‘ ™ 
ral oa Ode | |G | \ SP 
— hm J a | oe car 4b natn . 3 a ; 2 , : : iy : & “ ‘ 
s ee 4 a \_ e = a ¥ boil vf \' p iy pes % : ’ 
be ed ' a5 ~~}. Neg le. oot AO = if EP Pa : 
=i | a Vaaryig, | 8 am 
4 a ee — -—f ’ ‘. ¥ a I AS // tag | 
Ser mex ~ = + if . = 
rm , ie — | were ~~, d q % Sa ty 4 
ie: _... = ee hana & ; » | \\ ~ meot p/ Y 4 
- ' 53 . ~ ’ 7a Vy “I “gt eo —s v . ~ a 2 - ‘= | 
—_—— 
{ : == ——— j i : r 
a dptalice a 
n ea ? j ~ an 2s Bid i ae 
o fe 4 Soe 
ll ge me E 
* e. a oa ee - is —_—_ 
 l-- ne ORGS EOE LT 7 
—— ee” env ; : : " oi . » 
1 Log Ue y = = chee # eee \ jf nett ing j 
i te Miser i i =. * genase -* : 
7 a p> =N cc!’ Fk h 1 
a iY , ar = ape, Fa WN ._ 
x wa b's: ‘~ S = eee, \Y y | 
” od tT £ a” i: * ‘La 
od i ~ al Y | _. ! ~~ = "5 « P 
, > Fa i ‘ . >, a yf a ee AN ee ae yf 7; @ Vi ‘a 
: — . : : gg te ' te _ ——_ f : " : 
- -?—_ ‘ - ~ — =, Pod | rie 4 10, ~ 
a) a Fae . « 
ae mS =a °A) j 
sth ~~ Maik Xa ore! ia 
4 =i 
: mA i }! 
> a oe ae : aes ne. 9 al F 4 
eee 


* The power plant of the T2J is the West- 
inghouse J34 turbo-jet engine which produces 
3400 lb of thrust. It is reportedly operable over 
1000 hours before requiring overhaul, and is re- 
sistant to foreign object damage due to its all- 
steel compressor structure. 


Manufacturing Approach 


Since the overall design of the ship incor- 
porated structures, components and principles 
proven through past experience, it was not deemed 
necessary to produce a prototype; production 
models were manufactured from the start. The 
second airframe off the line was used for struc- 
tural testing. To promote producibility, all sub- 
assembly of airframe components is effected on 
jigs and fixtures set at easily workable level, with 
a view toward minimum movement of parts 
through the shop. The basic airframe of the T2J 
is an integrated structure comprising the cockpit 


section and the fuel-cell bay immediately aft of 
the cockpit. The fuel bay also accommodates the 
wingroot fittings. 

When the basic airframe section is assem- 
bled it is mounted on a dolly, and further assembly 
is continued with the trainer at a slightly higher 
attitude than on its landing gear. Stepped plat- 
forms on either side of the airframe are used for 
cockpit and empennage installations, while instal- 
lation is made from floor level. Since left and 
right horizontal stabilizers are interchangeable, 
they are assembled in identical jigs. This is also 
true of the ailerons, elevators, and trim tabs. The 
T2J wing configuration is basically the same as 
that of the FJ-1 Fury of ten years ago; all jigs 
and tooling however are new. 


Aircraft and Missiles Manufacturing ¢ August 1958 


Maintainability Characteristics 

In designing for reliability, great consider- 
ation was given to render maintenance requiring 
components readily accessible without the use of 
ladders, stands, etc. A door on each side of the 
fuselage below the cockpit offers easy access to 
the equipment bay. All major equipment can be 
slid out from their self-mounted positions without 
interfering with adjacent components. The bat- 
tery is hinge mounted, and can be swung out 
horizontaily. 

Since the equipment bay doors open by 
swinging upward, service personnel are partly 
protected from the elements while working on the 
equipment. As a precautionary measure equip- 
ment bay shelves are compartmented so that when 
the access doors are closed, each compartment be- 
comes isolated. The power plant is also easily 
accessible through two upward-swinging doors on 
either side, provided with quick-opening, positive- 


lock latches. For engine change, which takes about 
20 minutes, no special equipment is required; a 
standard bomb dolly with a furnished adapter is 
used. 

In addition to being interchangeable the 
control surfaces can be replaced without re-rig- 
ging or micro-adjustment. 

For ease of maintenance the cockpit in- 
strument panel is hinged at the bottom and 
secured at the top with two spring-loaded clips. 
Printed circuitry is used on certain sections of 
the instrument panel. 

Wiring has been kept to a minimum by 
routing from each console straight down to the 
respective equipment bay. 


continued on page 40 
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T2J jet trainer continued 


Armament Systems 


The T2J is designed to incorporate several 
types of armament packages which can be 
mounted under the wings. Optional ordnance in- 
cludes the following: 

Practice-bomb cluster 
Tow-target package 
Machine-gun package 
2.25-in. rocket launcher 
Practice bomb container 
100-lb. practice bomb 
2.75-in. rocket pack 


The North American Gunnery Instruction 
Monitor, designed by the Columbus Division, is 
another feature which can be provided to indoc- 
trinate student pilots in effective gunnery tech- 
niques. NAGIM is a transistorized, closed-circuit 
TV, enabling the instructor to see before him the 
same target display as seen by the student in the 
front cockpit. This system enables the instructor 
to call for immediate corrections. 
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ALTITUDE — 1000 FT 


80 120 160 200 240 280 320 360 400 440 480 520 560 600 
VELOCITY — KNOTS 


Model 249A referred to in adjacent graphs was the 
early North American designation for the T2J. 
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Variously identified by machine tool builders, spin-forming 
is a new and promising method of forming ‘‘sheet” blanks. 


sheet metal fabrication 


by Adolph Vieck, Jr., manager, Manufacturing, 
Engineering and Research, The Martin Co. 


Without reliable materials processing tech- 
nology, there is little likelihood that high per- 
formance atmospheric and space vehicles will 
ever get beyond the drawing board. 

Sheet metal fabrication in the aircraft and 
missiles industry, departs from established sheet 
metal processing and planning techniques em- 
ployed in other industries. 

Low volume and short production runs, 
make it extremely difficult to economically amor- 
tize the more sophisticated type tooling ; however, 
it is occasionally necessary to resort to this type 
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demands have caused departures from 


conventional forming concepts; 
use of exotic metals requires 
revolutionary processing techniques 


to achieve interchangeability on certain airframe 
components. 

When sheet metal was first adopted for air- 
frame construction, no specialized processing ma- 
chinery was available for the work. It was, there- 
fore, necessary to improvise and make what was 
available do the job. In effect, it was then neces- 
sary to fabricate component parts of a structure 
or assembly in many bits and pieces. 


Developments 
One of the first significant departures from 


continued on next page 
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Sheet metal fabrication continues 


this costly and time consuming approach was the 
introduction of sheet metal stretch forming equip- 
ment which is familiar to most of us today. This 
advancement made it possible to stretch wrap 
large sheet metal, bent up, and extruded details 
such as longerons, stringers and circular frame 
members. 

Another significant development, which 
contributed measurably to this advancement in 
sheet metal processing, was the Guerin trapped 
rubber forming system. The rubber head, which 
is confined in a round or rectangular steel frame, 
serves as a portion of a tool such as the lower 
half of a conventional die. 

When the ram, to which the head is fast- 
ened, descends, the prepositioned piece part and 
tool are impressed into the rubber head and any 
flanges extending beyond the outline of the tool, 
including offsets or areas to be formed, such as 
cavities and beads, are pressed around and into 
the tool proper. 


————————— 


By the very fact that only the punch por- 
tion of a conventional type die is required, all 
of the close tolerance machining, normally asso- 
ciated with precision die manufacturing, is elimi- 
nated with tremendous savings in tool cost. 

However, this process still makes it neces- 
sary to hand finish parts; such as ironing out 
wrinkles, seating offsets, etc. Efforts to minimize 
this undesirable, hand tailoring operation led to 
the development of Marform, a refinement of the 
Guerin process. 

Marform retains the economics of the 
trapped rubber head, but to it has been added a 
hydraulically actuated pressure pad which con- 
trols the flow of material over the tool to produce 
finish formed parts that previously were attain- 
able only with costly, complex steel draw dies. 
Marforming has made it possible to reduce costly 
hand finish form effort by more than 69 per cent. 
Some other versions of this forming principle 
are: Hy-Draw and Hydroforming. 


Thin stainless-steel sheets are brazed to honeycomb core for many airframe applications. 
Lay-up shows honeycomb core, silver brazing alloy, and stainless skin. Rolling thin sheets in 
great width, and bonding them to core are problems of sheet metal fabricators. 
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Drop Hammers 


The overworked drop and yoder hammers, 
which have and will continue to be used for a 
long time to form complex shaped aircraft parts, 
should not be overlooked. This forming medium 
not only provides economies in tooling and pro- 
duction but permits the fabrication of many air- 
frame parts that can only be formed with the 
drop hammer type tooling. This forming tech- 
nique is particularly suited to the forming of 
elbows, exhaust stacks, shrouds, nacelles, complex 
contours, etc., while the yoder hammers are fre- 
quently used for prototype forming of large sized 
compound curved sheets or skins and is used oc- 
casionally to correct minor discrepancies in parts 
which have been formed by other methods. 

Although not new to the metal forming 
industry, another forming technique, used quite 
extensively in the airframe industry, is a process 
known as bulge forming. This technique is par- 
ticularly adaptable to large cylindrical or circular 
sections such as engine nacelles. There are several 
different versions of this forming method which 
employ hydraulically expanding dies, compressed 
rubber and very recently, explosives. 

Metal spinning is being used to some ex- 
tent ; however, this process has been supplemented 
with a newly developed process known as spin 
forming (AMM February 1958) and holds con- 
siderable promise for more extensive use in air- 
frame sheet metal fabrication. Tubing, which is 
also used extensively in our operations, is proc- 
essed on standard type equipment for such opera- 
tions as bending, flaring, swaging and beading. 
These same operations are facilitated on high 
strength materials through the use of heated tools. 

Many of the metal forming operations in 
aircraft and missile manufacturing must be per- 
formed with the application of heat to the tools, 
machine tool and piece part. This elevated tem- 
perature forming and shaping of parts has been 
prompted by more recent designs which call for 
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honeycomb sandwich construction. This type of 
bonding has limitations where high aerodynamic 
heat is to be encountered. 


Complex shaped parts are easily formed 
by the Marform, Hydroform, or Hy-Draw process. 
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parts to be fabricated from the newer, high 
strength materials such as titanium, zirconium 
and hot work die steels in the 260,000 to 280,000 
psi range. 

Sheet metal blanks are normally produced 
by routing and sawing. Where sufficient volume 
will justify more productive type tooling, the 
pierce blank template type dies are resorted to. 
On higher tensile materials, such as titanium and 
stainless steel alloys, we employ conventional 
punch and die sets and specially designed steel 
rule dies. 


Drilling 

Drilling operations are performed on parts 
stacked to various predetermined heights depend- 
ing on material types and gages and drill run 
out allowances. Pilot holes are generally drilled 
from bushings located in adaptors attached to the 
spindle proper and piloted into bushingless tem- 
plates. 

Matched and tooling holes are drilled from 
fixed bushings mounted in drill templates. The 
stack heights are limited on the latter to control 
drill run out and center to center hole tolerances. 
Stack heights must also be controlled when drill- 
ing titanium, stainless steel and other high tensile 
materials. 

When severe contours, and sharp bend 
radii are required, they are usually produced from 
annealed material followed by a heat treat and 
time consuming hand finishing operation. Not all 
such material, however, is processed in the an- 
nealed condition since practically all other alumi- 
num sheet metal parts are made from fully heat 
treated material. continued on next page 
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Wings for Matador missile are of adhesively bonded 
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sheet metal fabrication «continues 


On the details requiring heat treat after 
forming both the oven and solution heat treating 
processes are used. At Martin this work is ac- 
complished by the salt bath or solution heat treat 
method, however, the basket type quench has 
been abandoned because it produced a consider- 
able amount of distortion in the aluminum parts. 
A more effective quenching system known as 
“free fall,” has been resorted to (see Sea Master, 
AMM, Feb. 1958.) Instead of loading the parts 
in a basket and lowering it into the quenching 
medium, the parts are hung on hooks positioned 
on a rack. After removal of the parts from the 
salt bath, a quick release mechanism is tripped 
just above the quenching tank, thereby allowing 
the parts to fall quickly and freely into the 
quenching solution. Elimination of the basket 
permits a faster, more uniform quench with rela- 
tively distortion free parts. 


Joining 

In the area of sheet metal joining, riveting 
and fusion welding have long been the accepted 
standard, but with the general acceptance of the 
high strength to weight ratio sandwich materials, 
adhesive bonding, brazing and “cold” welding are 
leaping into prominence. 

The intricate assembly of fusion welded or 
riveted structures, with its complex assembly 
fixturing, has been replaced to some extent by 
relatively simple, highly efficient and economically 
produced adhesive bonded honeycomb structures. 

Where vehicle operational temperatures are 
high, adhesive bonding is being replaced by brazed 
type structures, and while the brazing “state of 
the art” has not progressed to the degree of per- 
fection currently enjoyed by bonding, it is an- 
ticipated that this gap will be narrowed rapidly. 

Aircraft and missile models, presently in 
the pre-design stages indicate that brazing is only 
an interim method of metal joining. In order to 
successfully produce these models it will be neces- 
sary to further develop and modify currently em- 
ployed resistance welding techniques and equip- 
ment. One of the principle problems that must be 
overcome is the welding of thick cover skins to 
relatively thin core materials without increasing 
the notch sensitivity of high strength parent 
materials. 

The rapid transition from certain types of 
manned aircraft to high speed, high performance 
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missiles and space vehicles presents the sheet 
metal fabrication industry with a challenge equal 
to none in its history. 

New exotic sheet material designed for use 
in high performance missiles and space vehicles, 
which must retain their full strength and anti- 
erosion characteristics, will require revolutionary 
changes in the sheet metal processing methods. 
In many cases materials have not yet been de- 
veloped that will withstand the severe operational 
conditions anticipated. Consequently, there is 
little or no processing know-how. 
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Drop and yoder hammers are still used to form many parts. Their use is expected 
for many years. Shown here is a titanium duct-half being formed 
on a drop-hammer using resistance heat. 
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Free-fall quenching method is 
to reduce distortion during heat 
treating of sheet metal parts. 
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HELICOPTER PILOTS’ 


third 
hand 


automatic engine speed control unit 
increases safety, utility, and economy 
for reciprocating engine helicopters 


by Norman Olson, project engineer, Curtiss-Wright Propeller Div. 


The helicopter is not an easy machine to 
fly. Automatic aids for the pilot have been the 
object of considerable engineering effort. One 


of the problems has been the critical nature of 


the pilots’ throttle control responsibilities. The 
consequences of inadvertent loss of rotor speed 
have often been disastrous. Relieving the pilot 
of this responsibility has been a continuing re- 
quirement. 

To solve the problem, Navy BuAer, Army 
Transportation Corps, and Air Force are jointly 
sponsoring a helicopter engine speed control de- 
velopment program. The objective of the pro- 
gram is to provide the helicopter industry with 
a speed control for reciprocating engines that 
will allow the pilot to select a rotor speed and 
be assured that this speed will be automatically 
maintained throughout various flight regimes 
(i.e.) as with standard propellers. 

This article is to inform the industry of 
one manual type unit that has resulted from the 
development program. It is known as the Curtiss 
Wright, Engine Speed Control. 

The CW development is an all-mechanical, 
self-lubricated, engine mounted unit weighing 
about 13 lb. Its purpose is to manipulate the 


46 


throttle so as to hold a selected engine speed under 
varying engine load conditions. 

This is done through a direct link to the 
carburetor from the engine speed control (see 
illustration). The unit basically consists of a 
fly-weight type speed sensor, and two tilting-ball 
speed changers. The speed changers form the 
“computer” that provides a_ proportional-plus- 
integral output signal. Both the actual-engine- 
speed signal and power for moving the throttle 
during changes are obtained from the engine 
accessory drive, on which the control is mounted. 


Benefits and Advantages 


The helicopter user expects certain benefits 
from the use of an automatic engine speed con- 
trol. These are, contributions to: safety, utility, 
and economy. 

Safety should be improved by reducing the 
number of accidents caused by underspeeding or 
overspeeding the engine. Engine (or rotor) speed 
is as critical to the rotory wing pilot as forward 
velocity is to the fixed wing pilot. Automatic 
speed control that helps the pilot maintain lift is 
hence an important safety benefit. 

Utility should be increased by allowing the 
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Major components of the engine speed control 
are shown in this breakaway. (1) bottom cover 
plate, (2) housing, (3) top cover plate, (4) unit 
output lever connects to carburetor, (5) regime 
lever, allows pilot to engage or disengage unit 
from cockoit, (6) driving spline, (7) integrator- 
amplifier package, (8) speed sensor, (9) speed set 
lever, establishes speed to be governed. 


pilot to devote more attention to controlling the 
helicopter in the difficult flight environments en- 
countered in hovering, and in instrument flight. 
It is generally agreed that automatic engine speed 
control is a prerequisite to instrument flight. 
The unique capability of the helicopter to hover 
near the earth’s surface naturally establishes the 
nature of its mission. Unfortunately, hovering is 
also the most difficult flight regime. Automatic 
speed control should make possible missions that 
otherwise might be aborted because of the pilot’s 
inability to give proper attention to controlling 
the craft in adverse wind, dust, or terrain con- 
ditions. 

Economy is a by-product of safety and 
utility. Fewer accidents and more missions al- 
ways add up to a more economical operation. 

Automatic control of engine speed is not 
in itself a cure all. It is, however, one important 
step along the road that is leading inevitably to 
a helicopter completely equipped with automatic 
aids for the pilot. 

The mechanical Curtiss-Wright control of- 
fers the following advantages over other existing 
and proposed electronic, hydraulic, and pneumatic 
systems. 
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¢ Reliability through its simplicity. 
¢ Ease of maintenance. 


¢ Ability to be overpowered by the pilot, 
without switching to “manual”. 

¢ Effective speed control over entire RPM 
range. 


Operation 

There are two basic ways in which the sys- 
tem may operate. They are, the parallel installa- 
tion, and the differential installation. 

In the parallel installation, both the man- 
ual control system and the speed control are con- 
nected directly to the throttle. In the differential 
installation the manual speed control system and 
the automatic system are connected to the throttle 
through a differential unit. 

In the parallel installation, the pilot sets 
the desired engine speed by adjusting the throttle 
grip on the collective pitch lever. The speed con- 
trol responds by manupulating the throttle 
through its speed sensing and speed changing 
mechanism to govern the desired engine speed. 
When an adjustment becomes necessary, the out- 
put of the control moves not only the throttle, but 
the manual system including the throttle twist 
grip. 

The pilot may select manual or automatic 
operation by actuating a mechanical or electrical 
connection in the cockpit. This disconnects the 
governor from the throttle and causes the control 
to reset its internal mechanism to the speed at 
which the pilot is operating. Thus, when the 
pilot goes back to automatic, the control is al- 
ready set to the sneed that exists at the time of 
re-engagement. This svstem has a major disad- 
vantage of requiring separate throttle grips for 
manual and automatic. 

In the differential installation the pilot 
sets governed speed by adjusting the throttle 
twist grip on the collective pitch stick. The speed 
control manipulates the throttle through a differ- 
ential linkage. Twist grip and collective pitch 
signals also move the throttle directly. The gov- 
ernor then trims out the coordinator errors that 
exist for a particular flight condition. The pilot 
may operate in manual by engaging a switch in 
the cockpit. This system has the advantage of not 
requiring the speed control to operate the manual 
system, as is the case in the parallel installation. 
It also eliminates the necessity for separate 
throttle grips for automatic and manual opera- 
tion, also required in the parallel installation. 

A third installation is possible in which 
the speed control completely replaces the manual 
system instead of being integrated into it. 


continued on next page 
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The speed sensor is essentially seven 1 in. steel flyballs. 
Drive cage is driven at 1.4 times engine speed, causing 
balls to roll on inside surfaces of conical raceways. 
Centrifugal force causes balls to move outward and 
press on the output race moving it to the right 
compressing the speeder spring. Output race delivers 
proportional signal to Error Differential. 


third hand 


continued 


Proportional-Plus-Integral Signal 

The speed control is said to supply a pro- 
portional-plus-integral signal in delivering throt- 
tle corrections. 

This means that the speed sensor (flyball 
device) inside the unit, accepts an engine speed 
signal and mechanically delivers a proportional 
output signal. An error differential device accepts 
this output and establishes a speed error by com- 
paring the signal of the speed sensor and the 
speed set by the pilot. The output signal delivered 
by the error differential is in proportion to the 
established speed error. This output signal, how- 
ever, is relatively weak and it must be passed 
through a power amplifier to be useful in doing 
the work necessary to take the remedial action of 
returning the engine to “on speed”. The amplifier 
accepts the speed error signal and delivers a 
power amplified signal proportional to the speed 
error. This signal constitutes the proportional 
part of the proportional-plus-integral signal. 

The integral signal is generated in the 
integrator-amplifier (speed changer), which also 
receives the signal of the error differential, power 
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Schematic shows “differential installation” of speed 
control. Parallel and primary installations are also 
possible. See text (Operation). 


amplifies it, and delivers an output signal propor- 
tional to the time integral of the input. 

The signals from the amplifier and the 
integrator-amplifier are accepted in the summing 
differential, properly proportioned, attenuated to 
yield a governor change consistent with the flight 
regime, and finally transmitted to the carburetor 
throttle mechanism. 

All mechanisms described are contained 
within the small CW automatic speed control unit. 
All linkages are mechanical. 


a 
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Tethered by dozens of cables and vibration 
shaker rods, the giant Douglas DC-8 jetliner com- 
pleted its first “shakedown” flight without even 
leaving the ground. 

Typical of the elaborate ground and en- 
vironmental testing which is becoming an integral 
part of the manufacture of a reliable flight article 
is the vibration test laboratory supplied to Douglas 
by Ling Electronics, Inc. Prime purpose of the 
tests is to determine the vibrational characteris- 
tics of the complete aircraft structure. (Environ- 
mental Testing, AMM, April, 1958) 

Information from sensitive pick ups, fast- 
ened to the plane, is transmitted to and recorded 
in a mobile van-type laboratory parked alongside 
the aircraft. The mobile laboratory is replete with 
facilities that make it a self-contained vibration 
generating and data reception center. 
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This type of testing unit marks a departure 
from the cumbersome test methods which in- 
volved piecemeal assembly of heavy laboratory 
equipment at the testing site. The new jetliner 
being over half again the size and twice the 
weight of the DC-7, precluded moving the air- 
frame into the laboratory. 

With millions of dollars and hundreds of 
thousands of engineering and development man- 
hours invested in the “8”, Douglas left nothing to 
chance. The mobile laboratory reduces the chance 
of test inaccuracies through mismatched or tem- 
porary equipment connections, which sometimes 
occur when the test site is at some distance from 
the regular laboratory facilities. 

The DC-8 Tests 
Before the first tool was put to metal, 


continued on next page 
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Two shakers excite the leading edge 
and lower surface of the DC-8 wing. 
Shaker force is transmitted to the 
aircraft structure through connect- 
ing rods. Trunnion mounting on the 
shaker allows a full 360 deg rotation 
of the force axis. Twelve shakers 
in all are used, each transmits a 
70 Ib force in a preselected range 
of 0.25 to 300 cps. Power to drive 
the shakers comes from amplifiers 
installed in the Ling trailer. 


DC-8 “shakedown” 


continued 


Douglas spent thousands of hours determining 
how to build an aircraft that would respond safely 
to the stresses and strains of operation. From ex- 
perience in aeronautical design, and from results 
of model wind-tunnel tests, a safe design was 
developed. As this design was turned into an 
actual airframe, tests were carried out on com- 
ponents and sub-assemblies to determine their 
resistance to the stresses of actual flight. (DC-8 
Moves Into Production, AMM, March, 1958) 

The purpose of the tests conducted by the 
mobile laboratory, however, was to determine the 
structural vibrational characteristics of the com- 
plete aircraft. These characteristics inform pilots 
and engineers how the aircraft will respond to 
applied dynamic loads during flight and landings. 
Dynamic loads being the result of sudden gusts, 
of landing or take-off forces, or of similar random 
or transient conditions. 

Testing programs, such as the structural 
mode and dynamic characteristic series conducted 
on the DC-8, serve to refine the design to the ex- 
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tent that safety and reliability go hand in hand 
with greater efficiency, minimum weight, and im- 
proved performance. Overdesign “just to be on 
the safe side” often adds more weight than is 
necessary for safety. 


Test Equipment 


Low frequency vibration tests are con- 
ducted by attaching “shakers” to the surface of 
the aircraft. These shakers operate somewhat like 
the speakers in a radio. The difference is that their 
frequency range is lower. Instead of vibrating a 
paper cone, a shaker has an armature shaft with 
a 3-in. stroke which may be transmitted directly 
to the airframe. Rods are connected to the shaker 
armature shafts, and then to the aircraft. As the 
shakers receive regular (sine) wave impulses from 
amplifiers, they transmit this power as vibrational 
force, applied directly to the aircraft. Each of the 
12 shakers used transmits a 70-lb force at 0.25 
to 300 cps. 

The power to drive the shakers is supplied 


Aircraft and Missiles Manufacturing * August 1958 


| | fe a | : 
ve on ‘a | 
7 = ; ; ; 
4 . a | | 
— “oS ll a. ae 
SETS Be seal a. 3.3 See Same shige bia 4a Ree 
j ! | : 
| | 
4 ji. 
: ‘2 
! | milf q 
= an ; 
— } - @ ics ~~ : 
: —- —— “aq % ew Ba, i all | 
= E SE 
a — 
_ 
Bee ——I 


by six, matched 250-watt amplifiers installed in 
the Ling trailer. The vibration induced in the air- 
frame is picked up by transducers and these 
signals are relayed back to oscilloscopes in the 
trailer where they may be monitored and recorded. 

Special bias controls on the oscilloscopes 
permit the operator to move the signals from the 
transducers around on the scope to a desired pat- 
tern. For example, if transducers were attached 
to the nose, tail, and each wing of the plane, the 
pattern of these signals could be moved on the 
scope to reproduce the shape of the aircraft. This 
allows the operator to immediately identify the 
section of the plane from which a signal is ema- 
nating. 

Directly in front of the operator are two 
17-in. screens, slaved to the two 5-in. oscilloscopes 
that monitor the transducer signals. A large patch 
panel and electronic switches permit selection of 
the pickup signals in any combination. 

Technicians at the remote survey stations 
along the ship have two-way communication with 
the trailer operator. At each transducer junction 
box, there is a connection for the technician’s com- 
bination headset-microphone line. This enables 
him to relay information from his station to the 
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The instrumented nacelle provides response 
of the DC-8 engine area to horizontal excitation 
induced by a 70-lb shaker force. The glass 
airtrap on the side of the unit is for the 
compressed air line that cools the shaker coil. 
Air enters the side of the shaker and is 
exhausted through a vent at the rear 

of the housings. 


The control operator is seated at the main 
control station in the front of the trailer. Two 
17-in. oscilloscopes permit monitoring 
information from the transducers attached 
to the airframe. Adjustments in shaker 
frequency are made by tuning the low 
frequency oscillator. 


trailer without having his movements hampered. 
In order to determine the damping charac- 
teristics of the airframe, the operator has a 
master shut-off switch at his control position. This 
switch simultaneously shuts down all the shakers. 
All the equipment necessary for structural 
mode and dynamic vibration tests is built into the 
trailer itself. Except for a source of 440-volt ac 
power and a supply of compressed air to cool the 
shaker coils, the trailer is self-contained. 
Douglas has tested the DC-8 in its Long 
Beach hangar, with the aircraft fully loaded with 
fuel, and with empty tanks using the Ling mobile 
laboratory. In its confirmation of the design data 
for the ship, the vibration testing program has 
provided Douglas with a safer, more efficient jet 
aircraft for high-speed transportation exigencies. 
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This department is created to encourage thinking in new dimensions ; 
thinking that is free of the often constraining influence of immediate 
difficulties. Technological progress is to a great extent based on de- 
partures from the conventional or the status quo. That which is con- 
sidered illogical or impossible to accomplish, has and always will be 
so only within the limited compass of accumulated knowledge up to a 


particular date. Speculative thinking is man’s most precious asset. 
It is hoped that this department will provide an outlet for such think- 
ing and will serve to stimulate further ideas. The implications of the 
symbolism for this department head are that: while the immediate 
worth of a concept may range from nil to infinity, its true value will 
only be determined in the ultimate. 


rocket engines for large satellites 


are multiple power packs the answer? 
Farside and Explorer indicate potential. 


by Dr. Saxe Dobrin 


To put a body into orbit, nearly all of the 
weight of a missile must be propellant. The ex- 
pensive parts of a missile, however, are the tank 
body, the rocket engine machinery and the elec- 
tronic instruments. 

When rocket propulsion was limited to 
armament and artillery, the gross weight of a 
missile was an important criterion. However, for 
space journeys, economies can be found by proper 
selection of rocket engines rather than by mini- 
mizing size. This article describes the important 
factors for size selection of rocket thrust units. 
Although the discussion is limited to 300-mile 
orbits, the same concepts apply to other space 
missions as well. 
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Including 5000 ft per sec to overcome the 
effects of drag and gravity, a 300-mile orbit 
missile has a combined velocity requirement of 
31,000 ft per sec. To achieve this velocity, a 
single-stage missile using LOX-RP (liquid oxygen 
plus kerosene) would have to be 96 per cent 
propellant. By putting one stage atop another, the 
propellant fraction can be reduced, but the missile 
assembly becomes more complicated. But, as we 
consider successively larger missiles, the propul- 
sion problems become less severe. To be sure, the 
thrust units become larger, but there is greater 
freedom in design. 

Only a few years ago, thrust unit mass 


continued on page 54 
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continued 


rocket engines 


ratios of Z=—6 were considered very good. Now 
missiles can be made with thrust unit mass ratios 
of Z=10 to 20. Engineering improvements can be 
expected to promote even better mass ratios with 
correspondingly better performance. However, the 
real opportunities for improvement are no longer 
in the domain of performance or efficiency, but 
rather in the economies which come from stand- 
ardized production. 

Figure 1 compares a series of three-stage 
missiles, each built with successively lighter com- 
ponents. The overall weight of the missile goes 
down as the mass ratio goes up. Figure 2 is a 
similar chart for two-stage missiles. To deliver 
the same size payload, a two-stage missile must 
be bigger, but not by an unreasonable amount. 
Figure 3 is a comparison of two-stage and three- 
stage vehicles. These charts indicate that there 
is very little incentive to advance beyond the 
present state-of-the-art of 20 to 1 for thrust unit 
mass ratio. Figures 1 and 2 also show another 
interesting feature of large missiles with good 
thrust unit mass ratios—that the proportions be- 
tween stages is not critical. Small missiles de- 
signed for a selected size level are quite different, 
for their load-carrying capacity is quite sensitive 
to staging. 

During the last decade, while the missile 
industry was still in its development phase, pro- 
pulsion got the lion’s share of attention. Today, 
however, the situation is reversed; thrust units 
can be ordered from the manufacturer’s catalog 
and the problem areas of missile operation are 


now at the systems level. There is still some con- 
fusion in terminology remaining from the days 
when the term “rocket” was nearly synonymous 
with “missile”. The terms described by Figure 4 
are now becoming generally accepted. In a one- 
stage missile, as shown, the body including in- 
struments is the payload. If the body includes 
a small thrust unit then the assembly would be 
a two-stage vehicle. Since for large missiles there 
is considerable leeway in selecting first, second, 
and third-stage thrust units, the choice of propul- 
sion is less a matter of efficiency than it is of 
availability, reliability and convenience. 

Assuming that the thrust unit has a favor- 
able mass ratio and uses a propellant with a good 
specific impulse, the only real limitation in size 
selection is that its thrust be greater than its 
own weight plus the weight it must push. A 
nominal thrust-to-weight ratio of 1.5 is considered 
good design. A ratio below 1.35 is inefficient. High 
thrust-to-weight ratios can be tolerated but each 
stage will have a short burning time. Also, the 
nozzle and associated rocket-engine components 
may be unnecessarily large. 

The 70-ft long Vanguard and Jupiter-C 
missiles are designed to put only a few pounds 
into orbit. What size missile is required to deliver 
a 10-ton reconnaissance satellite? Surprisingly, 
the thrust and size requirements are not at all 
unreasonable. In fact, existing ballistic missiles 
could be joined together, side by side, and on top 
of one another to do the job. In the coming space 
age, there are many requirements which can be 


Table I—Specifie Impulse of Propellants 


Rising Out of Earth’s Propulsion fatio of Atmosphere 


Atmosphere in Space to Space, Isp. 
LOX-RP 285 avg 310 0.92 
Fluorine-Hydrazine 343 avg 368 0.933 
Nitrie Acid-UDMH. 272 298 0.915 
Hydrogen Peroxide-Jet Fuel ; 270 2906 0.915 
Solid Propellant... . 220 250 0.88 


Table I1—Take-Off Weight per 1000 lb, 300-Mile Orbit 


Thrust Unit Mass Ratio EAs 6 8 Yb 20* 25 
Mask Ratios of Stages 
Three stage 
Large Booster Stage 


(4.55-2.81-2.0).. 162,834 81.638 49 707 36 , 689 33 ,870 
Balanced Design 
! (3.08-2.81-2.81)... te LB 102,305 62,936 42,833 33 ,362 31,153 
Large Last Stage 
Gos ee MI gs org kiki vitiora Sis. ig sagt sias cate eels aie 158 ,339 68 ,685 44 666 33 , 937 31,537 
TWO STAGE 
Large Booster... ... 182 , 667 65 , 297 41,624 37 ,230 
Balanced Design... . 142,295 63,117 40 ,726 36 ,500 
NN oor. c sk ia ShtC ARO ER RS seneetee’ 231,000 72,942 44,450 39 ,344 


* Present state-of-the-art for IRBM and ICBM size thrust units. 
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filled by joining standard thrust units together. 
This concept has already been exploited with 
solid propellants in Project Farside and in the 
Explorer satellite vehicle. 


Calculating Thrust Reauirements for Each Stage 


The ratio of full to empty weight of a 
thrust unit is: 


ket (1) 


where W, and W, are the propellant weight and 
empty weight of the thrust unit. Empty weight 
includes the weight of the rocket engine, the 
propellant tanks, air shrouds, fins, vanes and 
residual propellant, but not the weight of elec- 
tronic gear. 

Taking account of the body weight as well 
as the thrust-unit weight, the mass ratio of the 
stage is: 

Wi+ZW. 

W + We 
The mass ratio, R, determines how much velocity 
the thrust unit will contribute to the missile. The 
mass ratios of each stage, multiplied together, 
give the overall mass ratio of the missile. To 
achieve the 31,000 ft per sec needed for a 300-mile 
orbit with LOX-RP (which has an outer space 
specific impulse of 310 sec), the mass ratio must 
be: 


R= (2) 


% la-? 231000 
lp 310 X 32.2 

The first stage, or booster stage, must be designed 
for atmospheric operation where the specific im- 


R = In” 


= 22.5 (3) 


pulse is reduced. This is compensated by designing 
for a larger first-stage mass ratio. For LOX-RP 
the average specific impulse rising from sea level 
to thin air is about 92 per cent of the specific 
impulse in space. The adjustment is exponential. 
Thus for a two or three-stage missile: 


(Ri) © (Ry) = 22.5 (4) 
(R;) °? (Re) (Rs) = 22.5 (5) 


Table I gives factors for propellants other 
than LOX-RP. Numerical values in equation (2) 
combined with equation (4) or (5) establishes 
the missile design. Table II lists the arbitrary 
values which were selected for the examples in 
Figures 1 and 2. 

Having calculated, step by step, the weight 
and mass ratio of each stage, it is an easy job to 
select a rocket engine with an appropriate thrust. 
Rocket-engine manufacturers are willing to supply 
standard-size engines ranging from a few thou- 
sand pounds thrust to three hundred thousand Ib. 
For an additional charge they will attach steering 
mechanisms to divert the thrust sideways as 
needed. 

For future planning, the missile designer 
is freed of the chore of propulsion analysis. To 
place very large bodies into orbit, he can choose 
combinations of standard engines and join them 
together to get the desired thrust, or he can 
order a custom-built engine. 


+ 


Fig. 3. Comparison of two-stage and three-stage missiles. 
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DESIGN 


VANGUARD DETAILS REVEALED. J. 
P. Kushnerick. AMM, (June 
1958), 8 pp. Reviews overall de- 
sign, materials, and methods of 
construction. Emphasis is on 
airframe and first stage power- 
plant. 


THE DEVELOPMENT OF SPACE VE- 
HICLES. C. A. Cross. Aeronautics, 
(May 1958), 3 p. Speculative ar- 
ticle on the technical problems 
hindering development of space 
vehicles. Conclusion is there are 
no insurmountable areas to ef- 
fecting unmanned lunar probs. 


THE TURBINE HELICOPTER. Horris 
Williams. Flight. (18 June 
1958), Part I, 2 pp. A summary 
of design experience gained by 
Westland Aircraft, Ltd., during 
their development of turbine 
powered helicopters. 


PUTTING THE JETS IN THEIR 


PLACE. D. M. Desoutter. Aero- 


nautics, (May 1958), 11 pp. A 
review of design trends in jet 
airlines. Discussed particularly 
are the effects the caravelle de- 
sign has had. Stem to stern 
analysis. 
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MATERIALS and PROCESSES 


HOW TO BRAZE STAINLESS STEELS. 
H. M. Webber. Ind. Heat, (April 
1958), 3 pp. Part HI. To be con- 
tinued. Latest methods of braz- 
ing for varied applications. 


ULTRASONIC WELDING—A NEW 
TECHNIQUE GROWS. J. Byron 
Jones. Met. Prog., (April 1958), 
4 pp. Comparison of bond 
strength attained with conven- 
tional and vibrational methods. 
Thin gage stock can be welded 
ultrasonically. 


WHICH ADHESIVE FOR WHAT? R. 
W. James and R. W. Gormly. 
Prod. Eng., (March 7, 1958), 2 
pp. Comprehensive coverage 
structural adhesives in table 
form. Discusses peel, shear, ten- 
sion values of many. 


TEFLON-HIGH AND LOW TEMPERA- 
TURE PROPERTIES. AMM, (June 
1958), 5 pp. Tetrafluoroethylene 
is enjoying wide usage in air- 
craft and missiles. Knowledge 
of properties is essential to de- 
signing for specific applications. 
Complete tables. 
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FLUOROELASTOMER. AMM, (June 
1958), 2 pp. Viton A, a du Pont 
product, extends the use of elas- 


tomers above 400°F. Article 
gives brief on properties and in- 
dustry uses. 


WILLING AND ABLE EXOTIC MET- 
ALS SEEK EMPLOYMENT. Annesta 
Gardner. Prod. Eng., (May 17, 
1958), 4 pp. Report on 9 metals, 
properties and disadvantages 
are surveyed. 


REINFORCED PLASTICS AT 3000 TO 
25,000°F. Malcolm W. Riley. 
Mtls Des. Eng., (June 1958), 5 
pp. An attempt to debunk some 
of the over enthusiastic claims 
for reinforced plastics. 


SHEET STEELS FOR HIGH SPEED 
AIRCRAFT AND MISSILES. A. L, 
Ferld and M. C. Carruthers. 
Aero. Sp. Eng., (June 1958). 
Corrosion, heat treatment, weld- 
ing, joining, machining, and look 
to future for precipitation hard- 
ening steels. 
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DUCTILE STAINLESS WORK HARD- 
ENS FOR EXTRA STRENGTH. Jron 
Age, (May 29, 1958), 2 pp. Prop- 
erties and applications given for 
nitrogen-containing stainless 
which work hardens but has bet- 
ter ductility than type 301. 


PRODUCTION 


“HARD ANODIZING” MAGNESIUM. 
Edward Delamater. AMM, (June 
1958), 5 pp. Solution concentra- 
tions and process description of 
two step anodize procedure. Lim- 
itations also described. 


HIGH VELOCITY MACHINING WITH 
CERAMICS. Wallace B. Kennedy. 
Tool Engineer, (July 1958), 3 
pp. A case for ceramic cutting 
tools on the basis of resistance 
to heat effects of high cutting 
speeds. 


SLICE AND ELECTROGRIND HONEY- 
COMB FOR B-52 PANELS. William 
G. Koeler. Amer. Mach., (June 
16, 1958), 3 pp. Vacuum chuck- 
ing, and shaping bonded sand- 
wich cores with circular milling 
grinders. Aluminum and steel 
cores—pictures. 


PINCH AND ROLL DIES HALVE 
BLADE COST. Anderson Ashburn. 
Amer. Mach., (June 2, 1958), 3 
pp. Small turbine (T-58) com- 
pressor blades are made in com- 
bined forming and rolling with 
a single press die. Result is sav- 
ing of about $2000 per engine. 


HOT-SIZING TITANIUM AND HIGH- 
TEMPERATURE STEEL PARTS. 
Charles O. Herb. Mach., (June 
1958), 4 pp. Sheet stock formed 
by conventional methods has 


been plagued by formation of 
wrinkles. North American, Los 
Angeles, has handled this by 
hot-sizing. 
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ELECTRONIC - MACHINING  PROC- 
ESSES. Frank Twitchell and J. R. 
Zimmerman. Mach. Des., (June 
26, 1958), 4 pp. Designers guide 
for use of process in making in- 
tricate holes and contours in 
‘“non-machinable” materials. 


PRE-TREATING AND PAINTING THE 
VICKERS VANGUARD. Prod. Fin., 
(Feb. 11, 1958), 7 pp. Detecting 
flaws by dye penetration along 
with details of cleaning, paint- 
ing process of subassembly parts 
and final product. 


BONDING HAS MAJOR ROLE IN 
CONSTRUCTION OF F-27. David 
Partridge. AJ, (July 1, 1958), 4 
pp. Redux adhesives are used to 
bond about 54 per cent of joined 
areas on Fairchild turbo prop. 
Tooling and methods discussed. 


NOW ... NAVY GETS “TAKE OFF” 
FROM MOVING ASSEMBLY LINES. 
American Machinist, (May 19, 
1958), 2 pp. Speed up tricks that 
have made F 4D “Skyray” pro- 
duction more economical with 
increased accuracy. 


ELECTROMAGNETIC TEST MEA- 
SURES EFFECTS OF SHOT-PEENING. 
P. M. Unterweiser, (June 5, 
1958), 3 pp. Article outlines Rus- 
sian method of detecting unde- 
sirable effects of shot-peening 


BUILDING FINE TOLERANCES INTO 
MASS PRODUCTION. American Ma- 
chinist, (May 19, 1958), 5 pp. 
Precision tooling has aided in 
production of F-102 A “Delta 
Dagger.” Many long-standing 
concepts were “thrown out the 
window.” 


PLASTICS IN PLANT TOOLING. O. 
F. Bernardin. Tool Engr., (May 
1958), 4 p. Economic applica- 
tions given as used in Lycoming 
Div. of Avco Mfg. Corp. 
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MACHINING TITANIUM. G. W. 
Bauer. Tool Engr., (May 1958), 
3 p. Criteria given for turning, 
milling, drilling and tapping, 
grinding, sawing, and cutting. 


BLANKING DIES: WHICH STOP TO 
USE? F. Strasser. Jron Age, 
(May 22, 1958), 3 p. Facts and 
design sketches given to aid the 
choice of stops. 


BOOKS RECEIVED 


Space Flight. McGraw-Hill, 373 
pp., $6.50. An historical and 
semi-technical account of man’s 
attempts to conquer space. 
Brings into focus the contribu- 
tions of nearly every facet of 
science and engineering as they 
relate to astronautics. Touches 
also on philosophical implica- 
tions of space travel. 


Basic Aeronautical Science and 
Principles of Flight. American 
Technical Society, 242 pp., $5.95. 
A thorough primer on history of 
aviation, principles of flight, and 
manufacturing procedures. Pro- 
vides the manufacturing special- 
ist with an understanding of his 
contribution to modern aviation. 


REVIEWED IN THIS ISSUE 


Periodicals and Papers 


Aero. Aeronautics (British) 

Aero. Sp. Eng. Aero Space Engineering 
A. I. Automotive Industries 

Amer. Mach. American Machinist 

AMM Aircraft and Missiles Manufacturing 
Flight Flight (British) 

Ind. Heat Industrial Heating 

Mach. Machinery 

Mach. Des. Machine Design 

Met. Prog. Metal Progress 

Mtls. Des. Eng. Materials in Design Engineering 
Prod. Eng. Product Engineering 

Prod. Fin. Products Finishing 

Tool Engr. Tool Engineer 


Books Received 


Aeronautical Science and Principles of Flight 
@ American Technical Society 
Space Flight © McGraw Hill 
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Refrigerating Unit 
Cools Pressurized Pods 


A system known as Model 
RS-50, Type 100, was designed 
to protect electronic equipment 


by maintaining a safe tempera- 
ture within the close confines of 
a pressurized pod. Cooling is ac- 
complished by circulating re- 
frigerated air over the hot elec- 
tronic components and _ trans- 
ferring this heat to the vapor- 
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cycle refrigeration system. This 
heat plus that generated by the 
refrigeration compressor motor 
and other motors in the system 
is disposed through the con- 
denser where water carried for 
this purpose is boiled and ex- 
hausted overboard. 
Its capacity is 2500 watts, 
with power requirements of 200, 
400 cycle, three-phase and 28 
volts de _ interlocked circuit. 
Weight (dry) is 65 lb. Maxi- 
mum diam is 15 in. with a total 
length of 32 in. 
Eastern Industries, Inc. 


Circle 108 on postcard for more data 


Low Cost Solenoid Valve 
Meets Military Specs 

Two-way or three-way, 
continuous duty, solenoid valve 
has low current drain and is op- 
erable for 500,000 cycles without 
signs of leakage. It is qualified 
for 400 psi pneumatic, hydraulic 
and fuel services. 
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It meets all applicable 
military specifications for air- 
craft and missile ground handl- 
ing equipment. 

Vinson Mfg. Co. 


Circle 112 on postcard for more data 
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Semi-Conductor Rectifier 
Operates at ‘“‘Red Heat”’ 
Backed by an oscilloscope 
trace which shows its continuous 
operation, a tiny silicon carbide 


rectifier (left foreground) is op- 
erating while heated red hot 
with a torch. Developed by 
scientists at the Westinghouse 
Materials Engineering Depart- 
ment, the rectifier results from a 
new method for preparing ultra- 
pure silicon carbide—a common 
material found in lightning ar- 
restors and grinding wheels. 
Westinghouse 


Circle 107 on postcard for more data 


New Mounting System 
Aids Gyro Performance 


A flexible mounting sys- 
tem for an 8 lb directional gyro 
used in an advanced jet aircraft 
has been specially developed. It 
provides all-attitude protection 
for the gyro against severe con- 
ditions of vibration, shock and 
steady-state acceleration. 

Designed as a decoupled, 
center-of-gravity suspension, the 
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system retains the gyro within 
+2 deg of its zero position under 
all vibratory inputs. Transla- 
tional inputs do not produce ro- 
tation. Transmissibility at reso- 
nance is approximately 3. 

The system incorporates 
four elastomeric mountings em- 
ploying Lord’s new broad tem- 
perature range elastomer, 
“BTR.” 

Lord Mfg. Co. 


Circle 104 on postcard for more data 


Flexible Brazing Sheet 

For High Temperature Use 
Flexible sheet stock is the 

latest form in which Nicrobraz 

brazing alloys are available. The 

new material available in 0.015 


to 0.060 in. stock is recom- 
mended for use in brazed lami- 
nated sections and sandwich 
configurations of stainless steels, 
high alloys and titanium. 

Wall Colmonoy Corp. 


Circle 101 on postcard for more data 


Defco-Seal Blind Rivets 
Solve Sealing Problems 


Defco-Seal blind rivets 
solve problems of weight, access 
and strength in aircraft applica- 
tions. Manufacturer guarantees 
shear strength up to 75,000 psi. 
Installed weight is lower than 
comparable fasteners. 

They can be installed as 
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easily as driving a nail. The 
positive seal is assured by an in- 
tegrally fabricated cup that com- 
pletely encloses the pin when it 
is driven. 

In addition to positive 
sealing qualities, a heat resis- 
tance of up to 500°F, and close- 
tolerance NAS 1059 diameters 
are featured. 


Deutsch Fastener Corp. 
Circle 109 on postcard for more data 


Subminiature Delay Lines 
Meet MIL-C-15305A 


A new series of delay 
lines are ultra-compact in size 
and meet the requirements of 
MIL-C-15305A, Grade 1, Class 
B. As a measure of their com- 
pactness, the 1.0 microsecond, 


1000-ohm line has a delay-band 
width product per cu in. of over 


7k 


(.o0. 


Molded in epoxy resin, 
units are supplied in square and 
tubular configurations for me- 
chanical versatility in printed 
circuit applications, or stacking 
on common mounting screws. 

Impedances range from 
500 to 2000 ohms, and delays up 
to 1 microsecond. Operating 
temperature range is —55 to 
125°C. 

NYT Electronics, Inc. 


Circle 102 on postcard for more data 


Components Packages in 
Integrated Hydraulic System 


After several years in the 
design and development of high 
pressure pneumatic equipment, 
high temperature and bleed air 
equipment, hydraulic and exotic 
fluid and gas equipment for the 
Missile and Aircraft Industry, 
Randall Engineering Corp., 5933 
Bowcroft St., Los Angeles, 
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Calif., has combined its total en- 
gineering experience and back- 
grounds in related fields into the 
development and production of 
precision integrated systems. 
Incorporated into the de- 
sign of an integrated hydraulic 
system are the following compo- 
nents: accumulator, pressurized 
reservoir, electrical and visual 
fluid level indicator, high pres- 
sure check valve, full flow filter, 
high and low pressure relief 
valve, air pressurizing valve, 
pressure transducer and high 
and low quick disconnect test 
coupling. Unit can be used on 
both aircraft and missiles. 
The Randall Engineering Corp. 


Circle 103 on postcard for more data 


New Line of Seal 
Announced by Skinner 
Features previously in- 
corporated only in high pressure 
and extreme temperature seals 
are now being incorporated in 
the Skinner Standard Line Seal. 
Standard seal is lighter than 
most heretofore available and is 
engineered by the same group of 
engineers who developed Skin- 
ner’s line of high pressure and 
extreme temperature products. 


FACE SEAL HOUSING ——. 


~~ SEAL FACE 
"O-RING 
WAVE SPRG 


PIN 
RETAINER 


ges SKINNER STANDARD 
ess FACE SEAL ASS'Y 


ial 


This standard seal is 
available in a number of conven- 
tional materials. 

Skinner Seal Div., 
The Hydrodyne Corp. 


Circle 110 on postcard for more data 
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materials / components 


Trimming Potentiometer 
Is Small, Humidity-Proof 

A humidity-proof, wire- 
wound trimming potentiometer 


- nl . 

GREEN } a 

~ ew 
ee 


measures only 1.257 x 0.242 x 
0.330 in., +0.003 in. Designated, 
Aero-Pot Model 925, the po- 
tentiometer offers the same en- 
vironmental difference, extreme 
ruggedness, and high reliability 
characteristic of larger models. 
Units are supplied in re- 
sistance ranging from 100 to 
100,000 ohms, with a standard 
tolerance of +5 per cent. The 
Model 925 is adjustable over the 
resistance range by 25 turns, 
nominally, of a 1% in. slotted, 
hex-head lead screw having less 
than 1 ohm resistance at either 
end of the maximum lead screw 
setting. An over-riding clutch 
system on the lead screw pre- 
vents damage by forcing aftcr 
maximum wiper excursion is 

reached. 
Aero Electronics Corp 
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Tungsten Carbide Film 
Provides Surface Hardness 
Of About 98 Rockwell A 


A tungsten carbide coat- 
ing material identified as Spra- 
Carb, provides a working sur- 
face hardness of approximately 
98 Rockwell A. 

The coating is reportedly 
a hard layer of tungsten carbide 
particles, bonded with nickel, 
chromium and boron alloy. The 
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binder alloy imparts all the 
properties required for tough- 
ness and strength, as well as 
bonding to the base metal. The 
carbide contributes the high 
wear resistance. 

Normally, about 0.010 in. 
extra stock is sprayed on the 
product for finishing purposes. 
This provides a practical range 
of thickness of 0.010 in. min 
to 0.062 in. max after grinding 
or machining. 

Walmet Corp. 


Circle 113 on postcard for more data 


Telemetering Oscillators 
Occupy About 1 cu in. 

Six new voltage con- 
trolled subcarrier telemetering 
oscillators are stated to be the 
smallest on the market. 


Model 0-22, little over a 
one-inch cube, draws a total of 
only 25 milliwatts; 1 v gives 714 
per cent frequency change; in- 
put is 4% megohm and output up 
to several volts on RDB chan- 
nels. 

Transistor mixers, power 
supplies and rack cases for vari- 
ous oscillator combinations are 
available. Resistance to vibra- 
tion and shock up to 20g and 
2000 cycles is specified for most 
units. 

Dorsett Laboratories, Inc. 


Circle 105 on postcard for more data 


Coaxial Attenuator Series 
Is Accurate and Rugged 

A series of precisison 
coaxial attenuators offering ac- 
curacy, stability, and rugged- 
ness has been developed. 

The versatile attenuators 
carry permanently marked, ac- 
curate calibrations at four fre- 
quencies. 


Aircraft and Missiles Manufacturing « 


Models are available for 
1,000 to 11,000 me, at 3, 6 and 
10 db attenuation. 20 db models 
are available for 2,000 to 11,000 
me. 


All have an impedance of 

50 ohms. Calibration accuracy 

is +0.2 db for 20 db models; 
+ 0.1 db for the rest. 

Narda Microwave Corp. 


Circle 100 on postcard for more data 


Bi-Directional Shielding 
Eliminates Interference 


3i-directional Netic Co- 
Netic foil strips for magnetical- 
ly and electrostatically shielding 
all types of cables is now avail- 
able. The material is applied in 
contraspiral wraps of as many 
layers as desired. This results 
in a semi-flexible non-pickup and 
non-radiating cable which elimi- 


ANN D 
nates effects on adjacent sensi- 
tive equipment. 

Components can be posi- 
tioned closer together, aiding 
military and other miniaturized 
designs. 

Magnetic Shield Div., Mica Co. 


Circle 111 on postcard for more data 
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AXIAL-FLOW 
BLOWERS 
FOR MISSILE APPLICATIONS 


Mf e EFFICIENT continuous ‘RESEARCH e RELIABLE _ cacu siower Is VIBRATION TESTED 


Vien! fit WITH MODERN FACILITIES PLUS EXPERIENCE RESULTS TO INSURE A STRUCTURALLY SOUND UNIT. COMPLETE QUAL- 
q, //' , IN GUARANTEED PERFORMANCE FOR THE MINIMUM IFICATION FACILITIES WITHIN THE DEAN AND BENSON PLANT. 
//, > HORSEPOWER. 
Vipe 
: i j ¢ LIGHTWEIGHT — wroucur atuminum ALLOYS 
Sa/ f t HEAT TREATED AND AGED PROVIDE A MAXIMUM STRENGTH 


TO WEIGHT RATIO. 


Inquiries regarding existing or future applications are welcome and should be 


{ os \ “9 ; a -.\- ae 

aap s 1 e i 
1, # Nyda. ~ TUTE I DEAN & BENSON RESEARCH, INC. | 
‘ = s aia ' ee 16 RICHMOND STREET CLIFTON, NEW JERSEY 
4 ; ¥ ' N\ RESEARCH Phone: GRegory 1-1600 | 
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FOR THREADED INSERT DRIVING 
and 
Stud Setting and Pulling 


Producers of 


mere Guidance Slip Rings 
cA oe 


TITAN ‘'Mustang" ADJUSTABLE | “Extracto” Stud Remover 
STUD DRIVER F 
é for Aircraft Engines 


BOMARC* 
POLARIS 


Small diameter for lim- 4 
ited space of aircraft Small tool nose diam- 


engines and component eter for use in close 
parts. Positive non-slip quarters. Permits re- THOR 
adjustment to various i = of studs by grip- 
lengths of grip. Hand ping thread on nut 
or power. Sizes-—Max. end of stud—will not 


mar threads. Made in 
9/16”. Female adapters | pcp Opin for 
available. | pes to 5%” studs. 


cap. 43"; and Max. cap. 


**Bull Dog'’ Stud Driver 


Titan ‘Roll Grip"' 
Designed for Use 
With 


Combination Stud 
Driver and Puller 


Impact Wrenches 


Built for rugged 
use en heavy en- 
gines. Equipped 
with Titan Design, 
Loose Pressure 
Plunger. Definitely 
stands up under vi- 
bration encountered 
when using an im- 
pact wrench for 
motive power. 


SLIP RING 
Incorporates roll ac- 
tion to grip as little 
as ™% in. of un- 
threaded body of 
stud. Made in stand- 
ard sizes from 3/16 
to 3 in. inclusive. 


q 


)} y Experience on Projects such as: 


: Saeed ‘4 @ JUPITER “C” @ NIKE 


po 


@ JUPITER © CORPORAL 
: @ REDSTONE © NAVAHOE 
= @ ATLAS @ AND OTHERS 


Write for illustrated brochure 
DEPT. AMM 


MESLIP RING COMPANY OF AMERICA 


3612 WEST JEFFERSON BLVD. 


“World's Lai 
“Stud Drivers 


ve 


i ac, ities il 
And Pull 


pow - LOS ANGELES 16, CALIF. 
Males Engrs throughout the U.S. & Canada 


ellie ene 


Circle 89 on Inquiry Card, page 65 Circle 85 on Inquiry Card, page 65 
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ADJUSTABLE BORING TOOL 


Hole sizes produced by 
new boring tool can be rapidly 
expanded or reduced without re- 
moving blades from bar or re- 
moving boring bar from the 
setup. 

Blades are expanded by a 
tapered socket head screw ad- 
justed from the bar end. One 
full rotation expands cutters 
.020 in. on the hole diam making 
possible sensitive adjustments. 


Both blades are supported by 
vee tongues riding in vee grooves 
which maintain alignment of 
blade edges. Once set, blades are 
locked in fixed position by twin 
set screws. Multiple blade 


PRECISION LATHE MAKES NOSE CONES 


Missile nose cones and 
casings are formed by a spin- 
ning and flow-forming process 
of this 36,000 lb lathe. It is fully 
automatic and hydraulically op- 
with templet or wall- 


erated, 
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thickness controlled compound 
movements and an 86 in. swing. 
Called the Bokoe P111B, the 
lathe can be used for spinning, 
flow-forming, or both. 

Kurt Orban Co. 


Circle 122 on postcard for more data 
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for production 
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sizes fit each bar size, expanding 
overall range. 

Due to its rigidity, the 
adjustable boring tool is not 
limited to finishing, but is ca- 
pable of heavy cuts for roughing 
operations. 

Robert H. Clark Co. 


Cirele 114 on postcard for more data 


TOOL MEASURES STRAIN 
AT HIGH TEMPERATURES 


| me 
oe RT 


Pimacear ial : 
fae a®*. 


Advanced testing tool 


provides automatic simulation 
for a wide range of stress and 
strain at elevated temperatures. 
Mechanical properties of mate- 
rials can be determined over 
temperature ranges extending to 
3000°F and beyond. With a 
capacity of zero to 50,000 lb, 
this machine handles tests of 
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tension, compression, creep, fa- 
tigue, on full-size specimens. 
Electronically controlled 
servos automatically subject the 
specimens to any combination of 
rates of loading, elongation and 
temperature. Ram rates of up to 
*, in. per sec, temperature rises 
of 200° per sec, and cyclic rates 
of 10 cycles per sec, are possible. 
Variable reluctance transducers 
provide laboratory accuracy for 
measurements of strain and 
load. These measurements are 
automatically plotted, thus pro- 
viding a complete stress-strain 
curve on a single 81% x 11 
graph. 
Marquardt Aircraft Co. 
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PROCESS SPEEDS UP 
BLADE MANUFACTURE 


A new manufacturing 
process for producing aircraft 
gas turbine compressor blades 
and vanes brings 50 per cent 
cost reduction forecast. 


, nN 


¥ 


<< 


Called the ‘“‘roll and coin” 
process, the technique uses a fix- 
ture operated by hydraulic pow- 
er and fitted to a conventional 
press. The fixture places a piece 
of metal, already beginning to 
assume blade shape as a result 
of previous operations, in posi- 
tion and holds it there under 
pressure. A set of roll dies in 
the fixture then forms the foil 
portion of the metal, tightly fit- 
ting into the fillet of the blade. 
Following this, the dies revolve 
and roll out the airfoil portion 
of the blade, which may be only 
.006 in. thick on the trailing 
edge. 

Blades used in compres- 
sors of small engines may be 
mass produced by the process. 

The General Electric Co. 


Circle 120 on postcard for more data 
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TESTING UNIT EMPLOYS MAGNETIC PARTICLES 


A completely re-engi- 
neered testing unit, the NQ-242, 
employs the wet magnetic par- 
ticle inspection method—either 
visible or fluorescent—provid- 
ing rapid means for production 
testing of small ferrous parts up 
to 24 in. long. 

The suspended magnetiz- 
ing coil and heads permit con- 
veyorization of parts either 
through or across the unit. Coil, 
which pivots and slides along 
the overhead track, may be posi- 
tioned between the heads for 


both longitudinal and circular 
magnetization of parts, moved 
to the right for separate coil 
magnetization, or stored to the 
extreme left when not in use. 
The part is inspected by 
placing it between the heads or 
in the coil. As the magnetizing 
current is actuated, part is 
flooded with a solution contain- 
ing fine magnetic particles, ei- 
ther visible or fluorescent. The 
particles mark all defective 
areas. 
Magnaflux Corp. 


Circle 125 on postcard for more data 


REVERSE JOGGING NOW POSSIBLE 


Reverse jogging of a 
press is possible for the first 
time without stopping and re- 
versing the motor. A completely 
electronic press drive unit does 
the trick. 


New combinations of ap- 
proaching, working and return 
speeds are also possible. 


August 1958 


Normal clutching and 
braking are controlled by a servo 
system which electronically com- 
pensates for thermal and kinetic 
variations. The servo 


system 


acts as an “electronic brain,” 
constantly watching the press, 
reacting to it, remembering 
what has happened, deciding on 
a solution to correct the press 
and finally correcting it. The 
drive does not brake against the 


continued on next page 
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frame. Instead, it brakes against 
itself by using alternating cur- 
rent to create a reverse rotating 
magnetic field between the rotor 
and field windings. 

Electronic in both power 
and control, the drive delivers, 
alternately, direct and alternat- 
ing current to induction wind- 
ings. 

E. W. Bliss Co. 


Circle 123 on postcard for more data 


ELECTRONIC TRACKING 
IN SOLAR FURNACE 


Scientists and engineers 
working with temperatures up 
to 7000°F are offered a mobile 
solar furnace containing a fully 
automatic electronic solar track- 
ing system. 


The furnace maintains 
its parabolic lens in precise 
alignment with the sun. Motor- 
driven remote controls work 
sample positioning and tempera- 
ture adjustment. 

Suitable for testing mis- 
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sile nose cone materials and for 
simulating nuclear reactor tem- 
perature conditions, the furnace 
supplies “pure” heat without 
electrical fields or foreign gases. 
Thermal Dynamic Products Inc. 


Circle 121 on postcard for more data 


AUTOMATIC SCREW FEEDER 
CUTS TIME, MOTION 


An automatic precision 
screw feeder can be used on all 
makes of pneumatic tools on 
vertical screw driving opera- 
tions. 


Called the “Zipp Screw 
Feeder,” the product usually 
saves from two to 25 secs at 
each station for each work unit. 

Feeders drive any type 
of headed screw, can be mounted 
anywhere and used in multiple 
set ups. 

Zipp Screw Feeder Div. 
R.C. Neal Co. 


Circle 118 on postcard for more data 


DEFLECTION YOKE WINDER 


A high production deflec- 
tion yoke winder features a 
newly designed rugged mechan- 
ism which assures long life and 
trouble-free operation. Model 
DY winds six 70, 90 and 110 


yokes simultaneously and also 
winds color and military type 
deflection yokes and similar com- 
plicated shapes. A single press- 
ing operation is required to 


bring coil to final shape. Virtual- 
ly eliminated are rejects due to 
insulation fractures during 
pressing operations by form 
winding. 

A unique oscillating wind- 
ing motion places wire in exact 
position on winding form to pro- 
duce repetitively accurate wind- 
ings. Parallel lay of wire pro- 
vides greater uniformity yoke to 
yoke, definitely reducing con- 
vergence problems normally en- 
countered in controlling multiple 
beam deflection systems such as 
three-gun color tubes. 

George Stevens Mfg. Co. 


Circle 126 on postcard for more data 


PORT FITTING DESIGNED 
TO SAVE SPACE 

A straight thread hy- 
draulic port fitting is designed 
to replace conventional pipe 
thread or “O”-ring style fittings. 


ee 


Saving space and reduc- 
ing installation labor in hydrau- 
lic connections at panels, calves, 
cylinders, pumps, and manifolds, 


continued on page 69 
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To keep well informed on new 
products and production equip- 
ment, use AIRCRAFT and MIS- 
SILES MANUFACTURING’S free 
reader inquiry service. The new 
materials, components, techni- 
cal literature, and production 
equipment advertised and de- 
scribed editorially in this issue 
are numbered consecutively and 
keyed to the post cards below. 
When information is wanted, 
circle the corresponding key 
number on the post card. Extra 
cards are included for your as- 
sociates with whom you share 
your copies of AIRCRAFT and 
MISSILES MANUFACTURING. 


Mail this card 
today for details 
‘on products advertised 
and described in 
this issue. 


ber. Fill in name, title, 
Mail it in. 


a 2 
ee 


for Tull facts on 


new materials and components 


new production equipment 
advertiser’s products and services 
copies of technical literature 


USE FREE READER SERVICE CARDS 


FIRST CLASS 
Permit No. 34 


New York, N. Y. 


BUSINESS REPLY CARD 
No Postage Stamp Necessary if Mailed In the United States 


POSTAGE WILL BE PAID BY 


Aircraft and Missiles Manufacturing 
P. O. Box 74, 
Village Station, 
Readers Service Dept. New York 14, N. Y. 
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Postcard valid 8 weeks only. After that use own letterhead fully describing tem wanted. AUG. 1958 
Please send further information on items circled below. 7 
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Postcard valld 8 weeks only. After that use own letterhead fully describing item wanted. 
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in order to obtain further details on items advertised or described in 
this issue, circle the key number (s) on the postpaid card and mail it. 


71 Adel Precision Products Div. 
Aircraft products 

72 BehIman Engineering Co. 
Testing instruments 

73 Bendix Products Div. 
Controls & fuel systems 

74 Cardox Corp. 
Dry ice 

75 Dade County Development Co. 
Metropolitan government 


76 Dean & Benson Research, Inc. 


Blowers, Axial-flow 

77 Electric Steel Foundry Co. 
Castings 

78 Gear Grinding Machine Co. 
Grinders, automatic & manual! 

79 Hamilton Tool Co. 


Precision small-gear hobbing ma 


chine 
‘0 King Fifth Wheel Co. 
Rings for aircraft & 


engines 


missiles 


S] Mechanical Mfg., Inc. 
Hydraulic control, jet engine 
missile parts 


Fr 
~ 


2 Narda Ultrasonics Corp. 
Cleaning equipment 

S83 Rolle Mfg. Co. 
Magnesium alloy; 

S4 Sealol Corp. 
Seals 

85 Slip Ring Co. of Amer. 
Slip rings 

S6 Sonnet Tool & Mfg. Co. 
Standard cutters 

S7 Sturtevant Co., P. A. 
Torque wrench 

88 Temco Aircraft Corp. 
Structures, high temperatures 

89% Titan Tool Co. 
Stud drivers & tools 

90 Tung Sol Electric, Inc. 


& 


Thyratrons, miniature hydrogen 


Please send further information on items circled below. 
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113 116 
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MATERIALS 
AND COMPONENTS 


Alphabetical List of Products 


100 Attenuator, coxial 
Narda Microwave Corp. 
101 Brazing Alloy, flexible 


Wall Colmonoy Corp. 

Delay lines, Grade 1, Class B 

NYT Electronics, Inc. 

Hydraulic system, integrated 

Randall Engineering Corp. 

Mount, gyroscope 

Lord Manufacturing Co. 

5 Oscillators, miniature 

Dorsett Laboratories, Inc. 

Potentiometer, humidity-proof 

Aero Electronics Corp. 

Rectifier, silicone carbide 

Westinghouse 

Refrigerator, pressurized pod 

Eastern Industries, Inc. 

Rivets, Blind 

Deutsch Fastener Corp. 

Seal, fuel 

Skinner Seal 
dyne Corp. 

Shielding, bi-directional magnetic 

Magnetic Shield Div., Mica Co. 

Solenoid valve, low cost 

Vinson Mfg. Co. 

Tungsten Carbide, coating 


110 


Div., The Hydro- 


142 
162 
182 
202 
222 223 
242 
262 
282 


146 147 148 
166 167 
187 


152 
172 


153 
173 


263 
283 7 
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101 
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Aero Electronics Corp. 

Potentiometer, humidity-proof 

Deutsch Fastener Corp. 

Rivets, Blind 

Dorsett Laboratories, Inc. 

Oscillators, miniature 

Eastern Industries, Inc. 

Refrigerator for pressurized pod 

Lord Manufacturing Co. 

Mount, gyroscope 

Magnetic Shield Div., Mica Co. 

Shielding, bi-directional magnetic 

Narda Microwave Corp. 

Attenuator, coaxial 

NYT Electronics, Inc. 

Delay lines, grade 1, class B 

Randall Engineering Corp. 

Hydraulic System, integrated 

Skinner Seal Div., The Hydro- 
dyne Corp. 

Seal, fuel 

Vinson Mfg. Co. 

Solenoid valve, low cost 

Wall Colmonoy Corp. 

Brazing Alloy, flexible 

Walmet Corp. 

Tungsten Carbide, coating 

Westinghouse 

Rectifier, silicone carbide 
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NEW FOR PRODUCTION 
Alphabetical List of Products 


114 


126 


Borer, adjustable 
Robert H. Clark Co. 


5 Broaching, bench 


Ty Miles, Inc. 


Cleaner, ultrasonic 
Narda Ultrasonics Corp. 


7 Comparator, electronic 


Federal Products Corp. 


3 Feeder, screw 


R. C. Neal Co., Inc. 
Zipp Screw Feeder Div. 


Fitting, port 
Flodar Corp. 


Fixture, blade 
General Electric Co 


Furnace, solar 


Thermal Dynamic Products, Inc. 


Lathe, spinning 
Kurt Orban Co. 


Press, electronic 
E. W. Bliss Co. 


Testing, high temperature 
Marquardt Aircraft Co. 


5 Testing, magnetic 


Magnafiux Corp. 


Yoke Winder, deflection 
George Stevens Mfg. Co. 


Alphabetical List of Companies 
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E. W. Bliss Co. 
Press, electronic 
Robert H. Clark Co. 
Borer, adjustable 


Federal Products Corp. 
Comparator, electronic 


Flodar Corp. 

Fitting, port 

General Electric Co. 
Fixture, blade 

Kurt Orban Co. 

Lathe, spinning 
Magnaflux Corp. 
Testing, magnetic 
Marquardt Aircraft Co. 
Testing, high temperature 
Narda Ultrasonics Corp. 
Cleaner, ultrasonic 


R. C. Neal Co., Ine. 
Zipp Screw Feeder Div. 
Feeder, screw 


5 George Stevens Mfg. Co. 


Yoke Winder, deflection 


Thermal Dynamic Products, Inc. 


Furnace, solar 


5 Ty Miles, Inc. 


Broaching, bench 
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WORTH ASKING FOR— Alphabeticai List of items 134 Fabrication, welded 
, Acme Welding 
127 Alloys, cobalt 130 Components, silicone 135 Facilities, manufacturing 
Cobalt Information Center Dow Corning Corp. Randall Engineering Corp 
128 Assemblies, thermocouple 131 Design, T58 136 Flowmeter, turbine 


General Electric Co. 


ter Aeronautical Corp. 
132 Dynamometer, ring Potter I 


Thermo-Electric Co., Inc. 


129 Clothing, protective Morehouse Machine Co. 137 Furnaces, atmosphere 
B. F. Goodrich Industrial Prod- 133 Fabrication, alloy Ferrotherm Co. 
ucts Co. S. Blickman, Inc. 138 Light Services 


Radium Corp. 
139 Mountings, elastometer 


Lord Manufacturing Co. . 
140 Pamphlet, facilities 
FIRST CLASS Rheem Manufacturing Co 
PERMIT No. 18 Aircraft Div. 
141 Precision Components 
Philadelphia 39, Pa. Airton, Inc. 


142 Precision Forgings 
The Billings and Spencer Co 

143 Pressures, altitude 
F. J. Stokes Corp. 

Vacuum Equipment Div. 

144 Scaffolding 
Beaver-Advance Corp. 

145 Specifications, adhesives 
Minnesota Mining & Mfg. ©: 
Adhesives Div. 

146 Thermistors 
Victory Engineering Corp 
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134 Acme Welding 
Fabrication, welded 
141 Airton, Inc. 
Precision Components 
144 Beaver-Advance Corp. 


FIRST CLASS 


PERMIT No. 18 Scaffolding 
: 142 Billings and Spencer Co. 
Philadelphia 39, Pa. Precision forgings 


133 S. Blickman, Inc. 
Fabrication, alloy 
127 Cobalt Information Center 
Alloys, cobalt 
130 Dow Corning Corp. 
Components, silicone 
137 Ferrotherm Co. 
Furnaces, atmosphere 
131 General Electric Co. 
Design, T58 
129 B. F. Goodrich Industrial Prod- 
ucts Co. 
Clothing, protective 
139 Lord Manufacturing Co. 
Mountings, elastomer 
145 Minnesota Mining & Mfg. Co 
Adhesives Div. 
Specifications, adhesive 
132 Morehouse Machine Co. 
FIRST CLASS Dynamometers, ring 
Permit No. 36 136 
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Potter Aeronautical Corp. 

New York, N. Y. Flowmeter, turbine 

138 Radium Corp. 
Light Services 

135 Randall Engineering Corp. 
Facilities, manufacturing 

140 Rheem Manufacturing Co. 
Aircraft Division 
Pamphlet, facilities 

143 F. J. Stokes Corp. 
Vacuum Equipment Div. 
Pressures, altitude 

128 Thermo-Electric Co., Inc. 
Assemblies, thermocouple 

146 Victory Engineering Corp. 

Thermistors 
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the new design consists of a 
swivel body and a floating 
threaded nut which turns freely 
on the stem of the body. The 
floating nut is inserted in a 
threaded port. As the nut is 
turned, it bears against a step 
on the bottom of the stem. 
Further tightening of the nut 
forces the conical end of the 
stem against the bottom of the 
hole forming a_pressure-tight 
metal-to-metal seal. Because the 
nut may be turned without turn- 
ing the body, no swing clearance 
is required and the connection 
may be broken without disturb- 
ing connecting hydraulic lines. 
Flodar Corporation 


Circle 119 on postcard for more data 


ULTRASONIC PROCESS 
CLEANS SMALL PARTS 


Mass-produced laboratory 
size ultrasonic cleaning and 
chemical process investigation 
unit consists of four systems 
adopted to a wide range of lab- 
oratory and industrial opera- 
tions. 

The series has been de- 
signed for economy in cleaning 
small precision-made parts and 
subassemblies, or laboratory 
glassware and apparatus. 

Units are fully portable. 
The Series 200 generator weighs 
ten pounds. 

Narda Ultrasonics Corp. 


Circle 116 on postcard for more data 
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0.000001 IN. VARIATIONS DETECTED 


Dimensional variations as 
small as one-millionth of an in. 
can be detected with a super- 
sensitive electronic comparator. 

Originally built to mea- 
sure precision ball bearings, the 


comparator is adjustable for 
various shapes and sizes. 

The gage consists of three 
parts, an electronic amplifier, an 
indicating meter and an elec- 


continued on next page 
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SEND FOR NEW COMPLETE ECONOMIC 
STUDY OF METROPOLITAN MIAMI 


LET US SHOW YOU HOW YOUR 
COMPANY CAN PROFIT BY LOCAT- 
ING IN THIS FAST GROWING AREA. 


A 24 section, complete economic analy- 
sis has just been prepared to supply you 
. with complete data which will assist in 
= determining how your particular man- 
» ufacturing or statewide, national/inter- 
national distribution operation can 
profit here. This important study will be 
mailed to you free of charge—in strict- 
est confidence—if you write, on your 
letterhead, to the address listed below. 


Please . . . no employment applications. We are deluged with resumés 
from engineers, tool makers, technicians, Ph.D.'s, etc., and cannot 
possibly aid in placement requests as we already have a tremendous 
surplus of skilled and professional labor here now. Sorry. 


John N. Gibson, Director 
DADE COUNTY 
DEVELOPMENT DEPARTMENT 
Section: 36 ” ion 
Chamber of Commerce Bldg. * Miami, Florida ‘ 
An agency of the Metropolitan Miami government 
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tronic gage head mounted on 
base with an adjustable column 
to permit vertical positioning of 
the gage head assembly. The 
gaging spindle is mounted with- 
in the gage head on pantograph 


BUT MY WORK INCLUDES 
THE MANUFACTURE OF — 


1 KNOW! 
AND YOU CANNOT 
POSSIBLY BUY A BETTER 


WUE 


UT 


ASK 
for our gear hobber 


literature packet No 


f Yj 
UHL 


INVESTIGATE IT! 
YOU'LL SEE! 


reed springs rather than in 
bushings to provide frictionless 
motion transfer. This makes it 
very sensitive to the minutest 
variation in workpiece size and 
gives it exceptional repetitive 
accuracy. This construction also 
makes it possible to measure 
with a minimum gaging pres- 
sure so that thin-walled or high- 
ly polished parts can be mea- 
sured without fear of distortion 
or marking. 

Federal Products Corp. 
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and SPIRAL GEARS 


WORM GEARS, 


MACHINE FOR THE JOB A | (up to 6” 0.0.) Sw 
THAN— Bees. =) ’ WORMS 
\ — } SPECIAL TOOTH FORMS 


Le 


- 


? 
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GEAR SECTORS 


PINIONS 


and BEVEL GEARS 
(up to 3” 0.0.) 


2564 
. GH-740 


PRECISION SMALL-GEAR HOBBING MACHINE 


THESE ARE REPRESENTATIVE USERS OF HAMILTON GEAR HOBBING EQUIPMENT 


AiResearch Manufacturing Co. * Duncan Electric Co. * Bendix Aviation Corp. 


Minneapolis-Honeywell Regulator Co. 


* Geophysical Machine Works * Hughes Aircraft Co. 
* Rockwell Meters, Inc. * Borg Products Division * Herschede Holl Clock Co. * U.S. Navy Electronics Laboratory * Redstone | 


* Victor Adding Machine Co. 
* Westinghouse Electric Corp. 


Arsenal * Smallwood & Son Machine Co. * Link Aviation, Inc. * Bell Aircraft * General Mills * Elgin National Watch Co. * 


U. S$. Naval Gun Factory * Grimes Manufacturing Co. * Texas Ins 
& Metals + 


Surveying Corp. * Douglas Aircroft. @ 


THE HAMILTON TOOL COMPANY - 882 SO 


truments, Inc. * McDonnell Aircraft Co. * American Machine 


Stromberg-Carlson Co. * Hamilton Standard * U.S. Gauge Co. * Western Gear Works * Schlumberger Well 


UTH NINTH STREET - HAMILTON, OHIO - 


Circle 79 on Inquiry Card, page 65 
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BENCH MOUNTED 
BROACHING PRESS 

A bench mounted broach- 
ing machine has been designed 
to bring the speed, accuracy, and 


economy of the broaching proc- 


ess within reach of every 
metalworking shop. Made for 
surface broaching of small parts, 
the production unit can also be 
used for internal broaching. It 
accommodates interchangeable 
broaches up to 214 in. wide. 

The hydraulically pow- 
ered ram is guided in accurately 
machined ways to insure preci- 
sion work. Accuracy to .0002 
and surface finishes to 10 micro- 
finish are possible, even at high 
ram speeds. 

Ram cylinder actuation 
may be controlled by a manual 
four-way valve, electrical switch, 
or automatic interlock with a 
powered work holding fixture. 
Tilting or shuttle type tables are 
also available for mounting on 
the platen. 

Ty Miles Inc. 


Circle 115 on postcard for more data 


August 1958 


A 
ipl 
i've 
oe | 
om OE _ a va 
au twe PRODUCTION vou ever wanr — au we PRECISION vous aver wen . oe? | | 
ee | ay : 
7) ( Qt _. ‘Bl ie : 
ay, \ a an aa SPUR GEARS, | f oo i Se : . 
LE es Z (aa 

— — : yl. nu. 

__ “SE 6 A , waz “iy 
ere ci | 
ee _ GEAR HOBBING MACHINE Rs “Wii Bae = 

 ——s = \ and FACE GEARS Y § " 
gee ox %. @) i) 
mis| wh 
Bl te Ale | ed 
‘s = | ow 
tw a ra 
| SS 
eC , 
ee | 
ee 
$$ 
ee 
= i )|=— 


WRIGHT A. PARKINS has been 
elected to the board of directors of 
United Aircraft Corp., and has been 
promoted to general manager of the 
firm’s new Missiles & Space Systems 
Div. 

EARLE MARTIN has been elected 
to the board of directors and promoted 
to vice-president of the Hamilton 
Standard Div. and the new Norden 
Div. of United. 

Perry W. Pratr has_ been 
elected to the newly created position 
of vice-president and chief scientist 
of United. 


M. R. Rowe has joined the Jet 
Engine Dept. of the General Electric 
Co. as manager of the controls and 
accessories section. 

A. S. JOHNSON was appointed 
manager of facilities for the Produc- 
tion Engine Dept. 

ADRIAN PAUL FIORETTI has been 
appointed manager, CJ-805 Applica- 
tion Engineering. 

THOMAS NEWTON BAKER was 
named specialist, CJ-805 Installation 
Engineering. 


WILLIAM P. BuRCH has been 
appointed director of military sales 
for Republic Aviation’s Helicopter 
Div. 

BRIG. GEN. JOHN M. STERLING, 
USAF, was appointed director of op- 
erations in Europe for Republic. 


L. E. RASMUSSEN has been ap- 
pointed to the new post of general 
manager of the Cincinnati Div., Ben- 
dix Aviation Corp. 

HENRY B. YARBROUGH has been 
appointed to the new post of general 
sales manager of the division. 


EDWARD BLOCK has been ap- 
pointed vice president in charge of 
the new Chemicals Div., Olin Mathie- 
son Chemical Corp. 

CARROLL Copps joins the firm 
as vice president of the new Energy 
Div. 

Jess E. WILLIAMS becomes vice 
president in charge of the new Metals 
Div. 

RoBERT H. EVANS becomes vice 
president, new Packaging Div. 


THOMAS CouURTNEY JR. has been 
named chief project engineer, Temco 
Aircraft Corp. 


Dr. YusuF A. YOLER has joined 
the Boeing Scientific Research Lab- 
oratories, Seattle, Wash., to direct re- 
search in the field of gas dynamics. 


Aircraft and Missiles Manufacturing 


Harry A. EVANGELIDES is now 
a member of Western Sealant Metal 
Finishing Co., Phila., Pa. 


JOHN H. SIDEBOTTOM has been 
elected executive vice president, In- 
ternational Aerocoustics Corp. and 
Industrial Acoustics Co., N. Y., N. Y. 


E. D. VANCIL was elected vice 
president of The Cincinnati Milling 
Machine Co. 

L. E. EBERTS was elected vice 
president of the sales subsidiary, Cin- 
cinnati Milling and Grinding Ma- 
chines, Ine. 


Murray S. GELBER has been ap- 
pointed treasurer of Hughes Aircraft 
Co. 


BERNARD FRIEDMAN has been 
appointed general manager and tech- 
nical director, International Radiant 
Corp. 

PHILip L. STANGER becomes 
manufacturing manager, 

A. L. Buscu Jr. is new chief 
engineer. 


WINFIELD WAGENER is Varian 
Associates’ New Product Manager, 
Power Tubes. 


Bric. GEN. CLIFFORD L. SAYRE 
has been elected president of The 
Armed Forces Chemical Assn. 


GEORGE F. ANISMAN has been 
appointed chief applications engineer 
at the Pacoima facility of Sundstrand 
Turbo. 


August 1958 


John H. Sidebottom 
International 
Aerocoustics 

Industrial Acoustics 


Harry A. Evangelides 
Western Sealant 


Murray S. Gelber 
Hughes 


Bernard Friedman 
International Radiant 


Brig. Gen. 
Clifford L. Sayre 
Armed Forces 


George F. Anisman 
Chemical Asso. 


Sundstrand Turbo 
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men on the move 


J. J. VASICEK was elected sec- 
retary of Servomechanisms, Inc., 
Hawthorne, Calif. 


FREDERICK J. RUTLAND has 
been appointed resident manager of 
the Chippawa, Ont. electric furnace 
plant of the Electro-Chemical Div., 
Norton Co. 

EDWARD D. PorTER has been 
named Supervisor of Technical Ser- 
vices of the division. 


HENRY M. HEYN was elected 
president of Surface Combustion 
Corp. and president of the Industrial 
Div. in Toledo. 

ROBIN A. BELL has been elected 
president of the firm’s two Janitrol 
Aircraft divisions in Columbus, Ohio, 
and executive vice president of Sur- 
face Combustion. 


EpwarD J. BRANDL was named 
merchandising manager for automo- 
tive and marine lines of spark plugs 
by AC Spark Plug Div., General Mo- 
tors. 


THEODORE W. BENEDICT has 
been appointed manager of military 
contracts for the Bridgeport Div., 
Singer Manufacturing Co. 


C. B. HARRISON has been named 
marketing manager, Boston Div., 
Minneapolis Honeywell Regulator Co. 

J. A. VITKA has been appointed 
contract administration manager for 
the division. 

W. A. RoTE was named divi- 
sion director of engineering. 


PauL L. McCULLocH Jr. has 
been elected president of the Alloy 
Casting Institute. 

J. B. Dear, general sales man- 
ager, Duraloy Co. was elected vice 
president. 


JEROME FISHEL has been ele- 
vated to marketing director, General 
Transistor Corp. 

ALLAN EASTON moves into 
presidency of General Transistor Dis- 
tributing Corp. and General Interna- 
tional Corp., sales subsidiaries. 
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J. J. Vasicek 
Servomechanisms 


Frederick J. Rutland 
Norton 


Robin A. Bell 
Janitrol 


Theodore W. Benedict 
Singer 


ar - 


Paul L. McCulloch, Jr. 
Alloy Casting Institute 


Jerome Fishel 
Bendix 


ea 
J. M. McCarty 
Chi. Aerial Industries 


Alan J. Woodfield 
Sealol 


James H. Hedberg 
Aerolab 


Norbert Andres 
Waldorf 


J. H. Dalton 
Servo 


J. M. McCarty has been ap- 
pointed marketing manager in charge 
of customer relations representatives 
for Chicago Aerial Industries, Inc. 

SAMUEL SCIMECA replaces Mc- 
Carty as chief of design engineering. 


Bric. GEN. EDWIN M. Day, 
USAF (Ret.) has been elected presi- 
dent of Fairchild Aerial Surveys, Inc. 


H. G. MANIFOLD has_ been 
elected treasurer of Servomechanisms, 
Inc. 


ALAN J. WOODFIELD has been 
named executive vice president of 
Sealol Corp. 


Dr. RAYMOND L. BISPLINGHOFF 
of M.I.T. has been appointed a con- 
sultant for National Research Corp. 
on high vacuum and environmental 
problems associated with upper atmos- 
phere and space conditions. 

Dr. WAYNE B. NOTTINGHAM of 
M.I.T. will be special consultant on 
design of extreme altitude test facili- 
ties. 

JOHN M. LEE will coordinate 
all space activities for NRL. 


JAMES H. HEDBERG joins Aero- 
lab Development Co. as special proj- 
ect engineer. 


H. O. (Pat) BALES has been 
made manager of Navan Products, 
Inc. 


E. C. RAYMUND has been pro- 
moted to executive vice president for 
U. S. Electronics Development Corp. 
and U. S. Semiconductor Products, 
Inc. 

JOSEPH C. WORTH JR. was ap- 
pointed sales manager of U. S. Elec- 
tronics Development Corp. 


NORBERT ANDRES has joined the 
Electronics Div., Waldorf Instrument 
Co., as manager of product sales. 


CeciL COVINGTON has_ been 
transferred to the central control and 
finance staff of Texas Instruments 
Inc., as manager of government con- 
tracts administration. 

J. S. Durrorp has been as- 
signed to the newly created position 
of assistant vice president, head of 
quality assurance and industrial en- 
gineering, Apparatus Div. 

CHESTER W. NIMITZ JR. be- 
comes controller, Apparatus Div. 


J. H. DALTON was elected vice 
president of finance at the annual 
meeting of the board of directors of 
Servo Corp. of America. 
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Adhesive Specifications 
A 23-page catalog lists official 
government specifications for wide 
variety of adhesives, coatings and 
sealers. 
Adhesives Div. 
Minnesota Mining & Mfg. Co. 


Circle 145 on postcard for more data 


Alloy Fabrication 
A 30-page booklet, “Guide for 
Purchasing Complex and Unusual AIl- 
loy Sheet and Light Plate Fabrica. 
tion” describes and illustrates the 

types of products and equipment. 
S. Blickman, Inc. 


Circle 133 on postcard for more data 


Welded Fabrication 
A booklet “Wonders of Welded 
Fabrication” is offered. 
Acme Welding 
Circle 134 on postcard for more data 


T58 Design 

Bulletin GEA-6816 “Design 
Analysis of the General Electric T58 
engine,” describes each engine com- 
ponent and presents the design philos- 
ophy. 


The General Electric Ce. 


Circle 131 on postcard for more data 


Cobalt Alloys 
A revised, bound edition of the 
bibliography, “Cobalt and its Alloys,” 

is available. 
Cobalt Information Center 


Circle 127 on postcard for more data 


Aircraft and Missiles Manufacturing 


ture©rs y 


Altitude Pressures 


A wallet-size table gives equiv- 
alent pressures in millimeters of mer- 
cury for the range of altitudes from 
sea level to two million feet. 

Vacuum Equipment Div. 
F. J. Stokes Corp. 


Circle 143 on postcard for more data 


Elastomer Mountings 
Eight - page product bulletin 
No. 301 describes a series of mount- 
ings using Broad Temperature Range 
elastomer. 
Lord Manufacturing Co. 


Circle 139 on postcard for more data 


Silicone Component 
Complete new selection guide 
to silicone insulating components has 
been published. 
Dow Corning Corp. 


Circle 130 on postcard for more data 


Ring Dynamometers 
Construction, application and 
operation of ring dynamometers are 
discussed. 
Morehouse Machine Co. 


Circle 132 on postcard for more data 


Precision Components 


Precision cast components and 
foundry techniques are described in 
a two-color, four-page bulletin. 

Airtron, Inc. 


Circle 141 on postcard for more data 
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Thermocouple Assemblies 


A 12-page catalog, section E, 
on Heavy Duty Industrial Thermo- 
couple Assemblies, is offered. 

Thermo-Electric Co., Ine. 


Circle 128 on postcard for more data 


Thermistors 

Growth of present-day applica- 

tions of thermistors is described in 

five-chapters, each chapter a four- 
page folder. 

Victory Engineering Corp 


Circle 146 on postcard for more data 


Facilities Pamphlet 
Outline of activity at design- 

ing, manufacturing firm. 
Aircraft Div. 
Rheem Manufacturing Co. 
Circle 140 on postcard for more data 


Manufacturing Facilities 
Outline of valve engineering 
facilities. 
Randall Engineering Corp 
Circle 135 on postcard for more data 


Turbine Flowmeter 

Reprints of article titled 
“Transient Response of the Turbine 
Flowmeter.” 


Potter Aeronautical Corp. 
Circle 136 on postcard for more data 


Precision Forgings 
A 16-page brochure shows de- 
partments producing missile forgings. 
The Billings and Spencer Co. 
Circle 142 on postcard for more data 


Scaffolding 
Illustrative bulletin No. 66 ex- 
plains various applications of scaf- 
fold used as rolling towers and work 
staging. 
Beaver-Advance Corp. 
Circle 144 on postcard for more data 


Protective Clothing 
A new eight-page catalog on 
line of industrial protective clothing 
is offered. 
B. F. Goodrich 


Circle 129 on postcard for more data 


Atmosphere Furnaces 

A new 8-page catalog, on 
“Heat Treatments in Atmosphere 
Furnaces,” covers protective atmos- 
phere furnace annealing, brazing and 
hardening of a wide variety of met- 
als. 

Ferrotherm Co. 

Circle 137 on postcard for more data 


Light Services 

Bulletin 30.30 on radioisotope 

excited light sources for industrial 
signal systems and markers. 

Radium Corp. 

Circle 138 on postcard for more data 
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TOP CHRYSLER FORCE WORKS ON JUPITER 


gar 


Full-scale production of 
the Jupiter IRBM is underway 
at the Warren, Mich., plant of 
the Chrysler Corp. 

Employment at the plant, 
which has been completely 
tooled for mass production, is 
close to a peak 10,000. Top work 
force would include 4000 tech- 
nicians, 2500 engineers and 
3500 hourly and salaried per- 
sonnel, skilled and unskilled. 

The department of de- 
fense last fall ordered both the 
Army’s Jupiter and Air Force’s 
Thor (in full production, by 
Douglas Aircraft in Santa Mon- 
ica, Calif.) to assure that opera- 
tional missiles would be in Brit- 
ain by the end of 1958. 
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Current plans reportedly 
call for nine Thor squadrons of 
about 16 IRBM’s each and three 
Jupiter squadrons. 

Defence Secretary Mc- 
Elroy is expected to finally 
choose between the missiles. 

Illustration above shows 
Jupiter and Redstone ballistic 
missiles in production on paral- 
lel lines at the plant. Right, a 
Jupiter booster assembly is low- 
ered into a test pit. 

Chrysler’s current mili- 
tary contracts top $400-million. 
Missile contracts for Jupiter 
and Redstone total over $300- 
million of this. Last year, Chrys- 
ler’s sales of military products 
totaled about $125-million, or 3.5 
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per cent of total sales. 

An early entrant in mis- 
sile development, Chrysler, with 
an Army team, developed the 
Jupiter C which boosted the first 
American satellite into space. 

The firm has $26-million 
in orders for military tactical 
and commercial equipment. 

Holdover from 1957 con- 
tracts: $14 million. 
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TEST RANGE FOR BOMARC 


The Missile test range at 
the’ Air Proving Ground Center, 
Eglin Air Force Base, Fla., is 
expected to be completed this 
fall. 

Bomarc interceptor mis- 
siles for use at the $120-million 
range are being delivered to the 


DO YOU NEED PARTS LIKE THESE? 
CALL ON OUR MANY YEARS OF EXPERIENCE! 


Air Defense Command by Boe- 
ing Airplane Co. 

With its subcontractor, 
Paul Hardeman, Inc., Los An-| 
geles, Boeing is installing sup- 
port, testing, and launching 
equipment for Bomare at the 


continued on next page | 


| It is mechanically impossible 
_ to use any Torque Wrench 


| Torque Wrench has a positive, 


| This essential factor of ac- 
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We specialize in close tolerance hydraulic 
control, jet engine and missile parts requir- 
ing precision workmanship. Call us, or write 
today, about your requirements. 


Circle 81 on Inquiry Card, page 65 
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WHY BUY 
SPECIALS ? 


Use 
standard 
cutters 


for 
popular 


hydraulic 
port 
contours 


One pass completes all 
operations necessary to 
produce the port con- 
tour. Job time cut as 
much as %! All have 
carbide cutting edges 
for long life, smooth 
finishes. Available in all 


sizes. Write for prices. [ail 
Circle 86 on Inquiry Card, page 65 


Ouly ONE TJorgue 
Wrench can be 


with adapters or extensions 
(with accuracy) unless that 


built-in, fixed load position. 


curacy, misunderstood or 
ignored in the design and 
manufacture of some tor- 
que tools, can complete- 
ly defeat their purpose. 


with formulae tables and explana- 
tions for correct use of adapters 
and extensions 


+ BA, co 
001SON [QUALITY] 1. 4 iNOIS- 
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industry notes 


range. Flight testing will be 
from Santa Rosa Island, with 
the 150 mi wide range running 
southward 350 mi into the Gulf 
of Mexico. 

The supersonic Bomarcs, 
with range of at least 250 mi, 
may be used in conjunction with 
the Sage radar defense system 
to be built at 27 sites throughout 
the U.S. 


NAVY DRONE LAUNCHER 
USES HEAVY FIRE HOSE 


The Navy has developed 
a new “elastic cylinder type” 
drone launcher with one compo- 
nent being a standard heavy 
duty fire hose. 

The carriage for the 
drone contains a roller fitting 
tightly against a flattened length 
of standard six in. diam fire 
hose. Compressed air, blasted 
into the hose, forces the roller 
to carry the carriage up to the 
launching track. Pressure in the 
hose is increased, accelerating 
the carriage enough to keep the 
drone flying until its own engine 
can take over. 

Launchers will be con- 
structed almost entirely of alu- 
minum, and the track will be an 
integral part of the compressed 
air cylinder. 

The device was developed 
by the Naval Air Engineering 
facility at the Philadelphia 
Naval Base. 
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VERTOL HAS HIGH HOPES FOR TWIN TURBINE 107 
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Ease of maintenance is feature of Vertol 107. Hatch covers are removed to reach 


drive shaft and forward and aft rotor hubs. 


Stub wings contain fuel tanks and 


stabilize water operations. Cockpit radio equipment is serviced through clamshell- 


opening panels in nose section. 


The new twin-turbine 
Vertol Model 107 (Army YHC- 
1) boasts a 795 cu ft cabin which 
can carry 25 commercial pas- 
sangers or 22 troops in all- 
weather flight. 

Developed as a company 
project, starting in May, 1957, 
the prototype has been in flight 
test since early April. The Army 
recently ordered ten ships for 
evaluation with the Transporta- 
tion Corp. First delivery is 
scheduled for early 1959. Com- 
mercial production is expected 
by 1961, according to Vertol. 

Seven of the Army YHC- 
1’s will be powered with twin 
General Electric T-58 turbo- 
shaft engines and three with 
twin Lycoming T-53’s. 

The Model 107 prototype 
is the first operating helicopter 
that was designed from the start 
for operation under instrument 
flight conditions, according to 
Vertol. Automatic stabilization 
equipment, developed for the 
Vertol 44, is adaptable to the 
107, permitting hands-off hov- 
ering and forward flight. 

Large cabin area was ob- 
tained by using counter-rotat- 
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ing rotors in tandem which per- 
mit a larger allowable center-of- 
gravity travel than other de- 
signs. The cabin is longer, high- 
er, and wider than the Model 
44, but eight ft shorter. Gross 
weight is 15,550 lb. Loading is 
through rear ramp or a door in 
the forward section of the cabin. 

The aircraft can be flown 
with the rear door open for 
bulky cargo. 


The 
flight with one engine inopera- 
tive, and can land safely in the 
event of twin failure. For am- 
phibious capability, a sealed low- 
er fuselage is standard equip- 
ment. Lateral stability and ad- 


107 can continue 
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ditional buoyancy are provided 
by the stub wings with outrig- 
ger floats attached. 

Fuel is located outside 
the fuselage, on either side of 
the aircraft, inside the stub 
wings. 


WING OF CONVAIR 880 


The first completed half 
wing of the Convair 880 jet 
transport is shown being hoisted 
from wing assembly fixture at 
San Diego plant. 

The wings 


were later 


baked in a giant electric oven to 
create leak-proof integral fuel 
tanks by the Scotchweld method, 
and were mated into a single 
swept-back wing. Spread is 120 
ft, with 2000 sq ft area. 


Tooling in the 880’s pro- 
duction includes triplicate sets 
of major jigs. The six wing buck 
tooling fixtures had 90 ft length, 
10 ft width and 22 ft height. 
880 is expected to make 
its first flight early next year. 


TRIDENT ACTIVITIES 
DISCONTINUED AT SUD 


Sud Aviation has been 
forced to discontinue activities 
with the “Trident” aircraft be- 
cause of restriction of credits 
allowed in the National Aero- 
nautical Budget. 

The “Trident,” held the 
world altitude record until the 
record ascent of the Lockheed 
F-104A Starfighter. The U. S. 
jet hit 91,249 ft last May. 


STRATOLINER FOR AMERICAN AIRLINES 


First of fleet with which 
American Airlines will give com- 
mercial jet service on domestic 
routes, Boeing 707 rolls out of 
Boeing Airplane Company’s 
Renton plant. 

The 600 mph 707 is slated 
to enter American’s non-stop 
service between New York and 
Calif. before the end of the year. 

O. M. Mosier, executive 


Seals drawn 
to same 
scale. 


Speed (FPM) 15,000 
Temperature (°F) 350° to 450° 


Fluids including 


Bull. #7 


WHICH SEAL WILL SOLVE YOUR PROBLEM? 


15,000 


—360° to 350° | —360° to 700° | 500° to 700° 


Rocket motors, 


aviation fuel, HNOs, H:O2, calling for all- mediums in a 
synthetic lubri- NPN, LOX, metal, high tem-| minimum amount 
cants, etc. | Ethylene Oxide | perature sealing] of axial space 


Specially 
enginered 


vice president for American, 
said the airline plans to extend 
jet service to at least seven cities 
before next April. They are: 


New York, Los Angeles, San 
Francisco, Chicago, Dallas, Bal- 
timore, and Washington. 

The 707, seating over 100 
passengers, is expected to trim 
coast to coast flight time from 
nine to five hr. 


15,000 15,000 


Applications | Sealing gaseous 


CAUTION: Maximum conditions indicated for each type do not necessarily 
imply that all are available in a single seal. Sealol engineers will gladly 
recommend the seal best suited to the operating conditions of your particu- 
lar application. Write today . . . no obligation, of course! 


SEALOL CORP 


428 Post Rd., Providence 5, R. I. 
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The Navy is putting into 
full swing this Fall a research 


program aimed at protecting 
Man during space flight acceler- 
ations as high as 40 “g’s” by sub- 
merging him in a water-filled 
capsule. 

The program has already 
subjected a man in water to 16 
positive g’s. He suffered no 
blackout, pain, or impairment 
of motion. 


During a simulated space 
flight of about 25 sec, psycholo- 
gist Flanigan Gray bore a little 
over 15 positive g’s between two 
and three sec, and a 16 positive 
g force for about one sec. 

“No pain ... no strain,” 
recalls Gray. The young project 
engineer, who held his breath 
during the run, says: “It felt 
a lot like swimming.” 

Experiments are made on 
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WHAT ARCHIMEDES 


what is probably the world’s 
largest centrifuge, at the Medi- 
cal Acceleration Laboratory, 
Naval Air Development Center, 
Johnsville, Pa. 

Two capsules have been 
used. In April, Gray or Lt. 
Cmdr. Martin G. Webb, U. S. 
Navy Medical Corps, or Sur- 
geon Cmdr. W. H. B. Ellis, 
Royal Navy Medical Corps, took 
frequent centrifuge runs in 


es) 
< 
i i 


2 ay 4 


Top half of experimental structure is 
lowered over subject, who sat up be- 
fore putting legs in place. Too and 
bottom were then fixed together. They 
are releasable in 20 sec. Earlier model 
did not have quick release mechanism. 


Upper left—High g’s are tolerated in 
“Iron Maiden.’”’ Of welded sheet alumi- 
num, structure is 34 in. thick over 
chest, 144 over most of body. Dogs 
clamping too to bottom may be re- 
leased in 20 sec. Water enters valve 
bottom left; fills cansule, and, behind 
Maiden, chamber, where level is ad- 
justed for comfortable breathing. Thin 
white lines are for air pressure. Elec- 
trical plugs (bottom right) include one 
for turning off flashing safety light, out- 
side, near head. 


Secured on huge arm, Maiden was 
filled with water, whirled around at 
high transverse g’s. Tests may reach 
40 g’s or higher. 
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NEVER FORESAW ... 


“The Flying Bathtub.” This is 
a shoe-shaped sheet metal con- 
tainer which had been used in 
tests at the Mayo Clinic during 
World War II. The container 
was filled with water for the 
tests up to the subject’s eye level. 

Gray, who hit the 16 g’s 
in the Bathtub, feels he could 
have remained at this accelera- 
tive force much longer than the 
one sec run without harm. 

In May, a new capsule 
was used in tests of a second 
type of accelerative force, the 
transverse g. Whereas the Bath- 
tub’s positive g’s were forces 
acting from the head towards 
the feet, the transverse forces 
were from back to front. Dubbed 
“The Iron Maiden” (the sobri- 
quet of a medieval torture device 
which it resembles in appear- 
ance), the new capsule sub- 
merges a man completely in 
water. It was built by the David 
Clark Co. under Navy contract. 

The Iron Maiden was 
mounted within the 50 ft cen- 
trifuge arm, about 10 ft from 
the end gondola. 

Target for the May tests: 
about 25 g’s. Minor technical 
difficulties held up the run so 
that Gray made only six tests. 
He reached nine transverse g’s. 
The program was interrupted 
during June by top priority tests 
of Scott Crossfield’s reactions to 
g’s he will encounter in the X-15. 

The Iron Maiden will be 
used to test both transverse and 
positive accelerations. Immov- 
able within the arm, it is in 
prone position and transverse 
forces act. Hung beneath the 
arm, as the Bathtub was, it 
swings out under acceleration, 
and positive forces act. 

During the May test, 
Gray held his breath during the 
actual run. Until a flawless de- 
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vice for breathing under water 
during high acceleration is per- 
fected, holding the breath is the 
only way of maintaining con- 
stant pressure inside the chest 
cavity. He wore high-index-of- 
refraction glasses in order to 
see, while under water pressure, 
a light flashing on and off at 
random intervals outside the 
chamber. He was required to 
turn it off within 1'4 sec. 

At first loss of peripheral 
vision — grayout — Gray would 
not see the light. Centrifuge 
would be stopped automatically. 

Gray’s arm compressed a 
“dead man’s switch.” It would 
have been released if he had lost 
consciousness and water would 
have fallen to shoulder level in 
less than two sec. Gray would 
have been freed in about 20 sec. 

The Iron Maiden was at- 
tached to the centrifuge by hori- 
zontal beams at the shoulders 
and seat plate, also by a vertical 
beam. Yet Gray felt once that 
he was flying over on his face; 
at another instant, that he was 
flying over on his back. “Illu- 
sions are more powerful under 
water than usual,” he explains. 

Ordinarily, a man under 
five or six g’s can barely lift his 
arm. Under water, Gray had 
full control of his limbs. Since 
one ‘‘gravity’’ equals body 
weight, a 150-lb man at 9 g’s 
would ordinarily weigh 1350 lb. 
Under water, with properly reg- 
ulated chest pressure, he could 
be below normal weight. (Archi- 
medes Law states that an im- 
mersed solid loses a portion of 
its weight equal to the weight of 
the fluid it displaces. The water 
displaced under increased g’s 
would weigh more than usual.) 

This Fall, the lab will try 
a respiratory mask which covers 

continued on 
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In “Flying Bathtub,” subiects hung be- 
neath centrifuge arm, swung forward 
during acceleration. 


Scientist wore protective mask, breath- 
ed air from outside until run began, 
when he held breath. 


Near end of centrifuge arm, waterfilled 
‘‘Maiden”’ is held securely within frame. 


Test completed, Gray emerges from 
capsule. ‘‘The people who put me in 
had claustrophobia,"’ he says. 
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INDUSTRY 
STATISTICS 


Source: Bureau of the Census and Civil Aeronautics Administration. 


NUMBER AND VALUE OF CIVIL AIRCRAFT SHIPMENTS 


AIRFRAME WEIGHTS OF CIVIL AIRCRAFT SHIPMENTS 


Units Value in Thousands Thousands of Ibs. Avg./Aircraft 
Month 1958 1957. 1958 1957 Month 1958 1957 1958 1957 
January 579 584 $ 62,311 $ 48,431 January. 1,909.9 1,574.9 3,299 2,697 
February 510 523 65,046 49,278 February 1,891.4 1,554.0 3,709 2,971 
March 697 675 35,133 46 ,636 March. . 1,313.2 1,625.6 1,884 2,408 
April 704 657 47,496 57,980 April... 1,606.4 1,886.6 2,282 2,871 
May 622 672 35,113 84,136 May 1,293.4 2,558.0 2,079 3,806 
June 590 69 ,497 June.. 2,114.0 3,583 
July... 525 70 ,649 July. ... 2,096.0 3,992 
August 519 62,990 August. . 1,950.6 3,758 
September 466 54,911 September 1,641.1 3,522 
October 474 45,687 October. 1,456.5 3,073 
November 516 47,213 November 1,480.8 2,870 
December 544 44,856 December 1,430.8 2,630 
Total— Year 6,745 $682 ,264 Total—Year... 21,368.9 , 3,168 
Total— 5 Mos. 3,112 3,111 $245,099 $286 ,461 Total—5 Mos.... 8,014.3 9,199.1 2,575 2,957 
i ‘i FT T 
SHIPMENTS OF PISTON ENGINES agg eB cn aoe 
FOR CIVILIAN AIRCRAFT 
Total Hp. Avg. Hp. 
Units Value (in Thousands) per Engine 
Month 1958 1957 1958 1957 Month - 1958 1957 1958 1957 ? 
January 1,033 920 $ 8,883,000 $ 12,445,000 January. 459.9 604.4 445 657 
February 1,139 902 9,696,000 13,596 ,000 February 518.2 647.0 455 717 
March 994 1,010 8,174,000 13,975,000 March. . 440.7 679.2 443 672 
April 881 950 8,174,000 14,388,000 April. 428.0 668.2 486 703 
May 828 1,020 6,176,000 15,160,000 May 338.3 715.8 409 702 
June 933 15,636,000 June. 730.4 783 
July 801 12,748,000 July. ... 590.4 737 
August 776 8,603 ,000 August. . 425.6 548 
September 728 10,150,000 September 482.8 663 
October 921 13,638,000 October. 628.3 661 
November 878 9,880,000 November. 473.0 539 
December 1,020 12,237,000 December. 586.2 575 
Total—Year ... 10,859 $152,456 ,000 Total—Year... 7,231.3 666 
Total_5 Mos. 4,875 4,802 §$ 41,103,000 $ 69,564,000 Toétal—5 Mos... . 2,194.1 3,314.6 450 690 
EMPLOYMENT IN THE AIRCRAFT AND PARTS PLANTS 
UNFILLED ORDERS OF 
Complete Aircraft Engine Aircraft Propellers 
Aircraft Plants and Parts Plants and Parts AIRCRAFT FOR CIVILIAN USE 
Month 1958 1957 1958 1957 ~ 1958 1957 . oe peo — 
January 468,600 546,800 151,700 181,000 20,700 19,700 asl se pou 
February 466,200 554,900 149,100 183,800 20,500 20,100 a 
March 466,000 557,200 147,400 184,200 20,200 20,400 March . 684 985 
a sa 38 re Sp = 2 
ay 58, ’ ’ 
June 556,200 178,900 20,600 poi sa = 
July... 553,900 176,900 21,000 a - 

August 542,400 173,000 20,500 July... 854 
+ angel 529,500 bey 20,600 August. 808 
ctober 516,700 " 20,600 7 
November 489,000 158,200 20,100 =” | am 

December 475,400 155,300 20,300 " 
hire <2 November. 782 
Average 537 ,500 174,300 20,500 December. 761 
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the face from below the eyes and 
connects with a chest “cuirass” 
made of 14 in. welded aluminum 
previously molded to a cast of 
subject’s chest. 


Special equipment for scientist in early 
test includes mask for breathing until 
run, chest “‘cuirass” of 14 in. welded 
aluminum, electro cardiagram cables 
attached to ankles. He holds light 
switch in right hand, ‘‘dead man's 
clutch” in left. Both are safety fea- 
tures. More recent respiratory equip- 
ment may enable riders to reach well 
over 25 g’s. 


Simulation may be possi- 
ble of a missile flight under some 
advanced weapons system con- 
cept of the future. A missile 
could reach orbital velocity in 
less than a minute at 30 g, ac- 
cording to calculations. 

Says Capt. Marvin Dale 
Courtney, deputy director of the 


Experimental eyeglass allowed man to 
see blinking light while at high g’s un- 
der water. High index of refraction 
glass also equalized exterior force with 
high internal blood pressure. 


Aircraft and Missiles Manufacturing ¢ August 1958 


Medical Acceleration Labora- 
tory: “Presently contemplated 
exit-reentry forces are being 
held within the tolerance limits 
of man. But if it is ever neces- 
sary to increase these forces, 
Navy scientists feel a man pro- 
tected by water would survive.” 

Air Force scientists at 
the Wright Air Development 
Center, Dayton, O., have been 
experimenting along roughly 
similar lines. Their sarcophagus 
tank allowed a man to reach 13 
g’s during 15 runs which some- 
times lasted four min each. 

Ability to withstand high 
g’s may enable Man to re-enter 
the atmosphere faster. Conse- 
quently, there would be less time 
in which the craft would be sub- 
ject to intense heat. 


NEW BRAKE SYSTEM 
FOR JET AIRCRAFT 


A new type brake system, 
designed to meet the increased 
energy conditions of jet aircraft, 
has successfully completed taxi 
and flight tests on the Boeing 
707 jet transport prototype. 

The B. F. Goodrich liquid- 
cooled brake system utilizes cir- 
culating fluid to absorb heat 
from friction surfaces and re- 
duce temperature build-up by as 
much as 1500 deg. 

With the liquid-cooled 
brake system, all hydraulic fluid 
is eliminated from the brake. 
The new liquid cooled brake op- 
erates at temperatures consider- 
ably less than 500 deg F, accord- 
ing to R. L. Sink, BFG project 
engineer. 

Conventional dise brakes 
under similar braking condi- 
tions result in temperatures 
ranging from 1300 to 1500 deg 
F. 

Sink pointed out during 
the Boeing tests that braking ac- 
tion of the new liquid cooled sys- 
tem is exceptionally smooth due 
to the reduced temperature 
range at the friction surface. 

“Brake noise, vibration 
or chatter, and sparks are all 


eliminated with this system,” he 
said. “Fluid circulating behind 
the friction surface of the brake 
absorbs heat and carries it out 
of the critical wheel and brake 
area into a liquid-to-liquid heat 
exchanger. The cooled fluid is 
then returned to the brake to 
absorb more heat and repeat the 
cooling cycle.” 


WELDED STEEL FABRIC 
STRENGTHENS STRIP 


Section of largest welded 
wire fabric ever made is ex- 
amined by officials of American 
Steel & Wire Co., Cleveland man- 
ufacturers. Examining rein- 
forcement for concrete runways 
at Kinross, Mich., Air Force 
Fighter Base are Walter L. 
Longnecker (L), district man- 
ager of operations, and Edward 
A. Murray (R) asst. vice presi- 
dent of sales. 

Nearly 300 tons of the 
940 ton order is 7/0 x 7/0 gauge. 
Fabric consists of wires with !»5 
in. diam. “Mesh” product has 
five in. squares. 
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PROCUREMENT OF 2100 
AIRCRAFT ESTIMATED 


The armed services plan 
to procure approximately 2100 
airplanes in fiscal 1959. 

Airforce procurement 
plans reportedly call for 975 air- 
craft including 88 bombers, 546 
fighters, 107 transports, 185 
trainers and 49 miscellaneous 
types. 

The Navy plans about 
700 aircraft, about 85 per cent 
being combat types. 

The Army plans to con- 
tract for about 430 aircraft, 
some 60 per cent of them heli- 
copters. 


NEW CARPENTER STEEL 
RESEARCH LABORATORY 
The Carpenter Steel Co., 
Reading, Pa., has opened a new 
corrosion research laboratory 
that introduces important new 
means of accurately determin- 
ing corrosion rate on high tem- 
perature and _ special-purpose 
alloys. Findings will be of sig- 


nificance to design and construc- 
tion of equipment for both the 
missile and aircraft industries. 
The new facility enables 
the company to predict more pre- 


82 


cisely the area of usefulness of 
not only high temperature al- 
loys, but also ferritic and aus- 
tenitic stainless steels used in 
the handling of corrosive fuels, 
hydraulic fluids and_ similar 
liquids. 


TUBE FOR JUPITER C 
BY CHEMICAL MILLING 


Aluminum extruded tubes, 
inner plumbing of the Jupiter C 
Missile, are being chemically 
milled on a production basis at 
Anadite Inc., South Gate, Calif. 
Specifically designed for chemi- 
cal milling, the tubes vary from 
3.8 ft to 16 ft with 5 ft to 6.750 
ft diam. Stock is 6061-t6 alumi- 
num. 

Illustration shows 16 ft 
extruded tube, chemically milled 
except for ends and middle. The 
process reduced weight from 51 


inne AOA ae A A 


en ho) a 


to 18 lb. Shown inspecting the 
tube are Harold Smith, chemical 
milling foreman, and Stanley M. 
Buckley, director of sales engi- 
neering. 


AIR SURVEY INDICATES 
MOUNTING JET ORDERS 


Soaring commercial or- 
ders for turbine planes are 
shown in the latest Esso Air 
World Survey. 

The survey reported that 
jet commitments in the short- 
to-medium range category in- 
creased from 89 orders by six 
airlines as of June, 1957 to 154 
orders by 14 airlines as of May 1. 
Choices ranged from the short- 
er-haul French twin-jet Cara- 
velle through the Comet 4, Con- 
vair 880 and Boeing 720. 

A fifth short-haul three- 
engined jet, the De Havilland 
121, was ordered by BEA re- 
cently, with a similar Bristol 
200 being offered for airline con- 
sideration. 

Orders for turboprop air- 
craft of all ranges mounted to 
566, according to the survey. De- 
liveries are scheduled next 
month on first of 139 turboprop 
Lockheed Electras ordered by 10 
airlines. 

Five airlines have or- 
dered a total of 29 Bristol 
Britannias for delivery this 
year. An estimated 120 Vickers 
Viscounts are slated for delivery 
in 1958 and 1959. The F-27, 
short-range turboprop built by 
Fokker in the Netherlands and 
by Fairchild in the U. S. under 
license, has had 76 orders, first 
delivery this June. 

More than 250 long-range 
piston planes, meanwhile were 
delivered in 1957, and another 
130 are due this year. The or- 
ders include: 292 Douglas 
DC-6/7's delivered or ordered 
and 105 Lockheed Super Con- 
stellation 1049 G’s, H’s, and 
1649A’s. 

Orders for medium-range 
piston planes for 1957-58 de- 
livery were placed at 106, 84 of 
then Convair 440’s. 
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Test pilot Scott Crossfield 
is slated to begin ‘emergency 
testing” in January for first 


X-15 altitude flights. In three 
phases of tests thus far on 
the Johnsville, Pa., centrifuge, 
Crossfield only lost conscious- 
ness once—when his pressure 
suit failed; and proved alert in 
counteracting known, preset 
crash conditions. In January 
tests and between actual flights 
Crossfield will not be told what 
conditions centrifuge will put 
simulated X-15 through. Accent 
will be on remaining mentally 
flexible despite high altitude 
which might tend to “rivet’’ 
pilot attention to one instru- 
ment. 
- 


A “Perceptron” machine 
capable of instantly recognizing 
and identifying surroundings is 
under development at Cornell 
Aeronautical Laboratory, Inc., 
Buffalo, N. Y., under Navy con- 
tract. No supplementary com- 
puter would be needed with “non 
biological brain’ which could 
read, respond to commands, and 
may have applications for auto- 
matic landing systems. 


Advanced flight instru- 
ment system for the X-15 will be 
delivered by developer, Sperry 
Gyroscope Co., this Fall, to 
NACA, which will use a McDon- 
nell F-101 Voodoo fighter for a 
flying test bed. Chief function of 
system — feed information to 
Crossfield, a ‘human servo,” 
who uses it to maintain control 
during re-entry. The _ inertial 
flight system includes a three- 
gyro stable platform and light- 
weight computer. Associated 
flight instruments from Sperry 
include total velocity indicator, 
vertical velocity indicator, and 


altimeter. 
e 


Kaman Aircraft Corp. is 
continuing its K-16 project for a 
VTOL (vertical takeoff and 
landing) aircraft under a new 
Navy $1,149,000 contract. 
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TERRA-SCOPE 


The Army is expected to 
complete this year an 85 ft radio 
antenna, at Goldstone Test Sta- 
tion, Camp Irwin, Calif., to 
maintain communications with 
space vehicles in the ARPA- 
sponsored lunar probe project. 

+ 


Construction is slated to 
begin this month on the $60-mil- 
lion Naval Radio Research Ob- 
servatory on a 1500-acre site 
near Sugar Grove, W. Va. A 
giant radio telescope here will 
study outer space. 

e 


The Bristol-Ferranti 
Bloodhound is going into quan- 
tity production as first surface- 
to-air guided weapon to be de- 
ployed operationally in the 
United Kingdom. 

* 

Hef Inc. is building a 
major facility for large-scale 
production of ammonium perch- 
lorate, an oxidizer used in solid 
propellants, at Columbus, Miss. 

e 

An Air Force-Army con- 
tract of approximately $6-mil- 
lion for delivery of small propjet 
T53-L-3 engines has been an- 
nounced by Lycoming Div., Avco 
Manufacturing Corp. First use 
is planned in the Army’s STOL 
observation plane, the Grumman 
AO-1 Mohawk. 


The Civil Aeronautics 
Administration has issued Air- 
craft Engine Type Certificate 
No. 250 to the Aerojet-General 
Corp. for its 250-lb-thrust 15NS- 
250 aircraft rocket engine for 
use in single or multi-engine air- 
craft up to 10,000 lb gross 
weight. Engine weighs 42 lb, 
could be used singly or in mul- 
tiples in civil aircraft. 

. 

A primary battery oper- 
ating from 200°F to —100°F 
has been developed by Yardney 
Electric Corp. 
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The Air Force’s Air Re- 
search and Development Com- 
mand has been directed to pro- 
ceed with the letting of two con- 
tracts totaling about $400,000 
for study of the ecological as- 
pects of housing human beings 
in a capsule for long periods of 
time in outer space. 


General Motors and Ford 
played prominent roles in the 
Industry Missile and Space Age 
Conference in Detroit. GM reps 
admitted submitting bids for the 
prime contract for the Minute- 
man; Ford, whose jet engine 
contract expires in January, is 
believed bidding too. Military 
spokesmen at the conference 
said there would be relatively 
few new missile manufacturers 
since present ones are doing a 
good job. Also, aircraft firms in 
the field will have capacity for 
continued missiles work as mili- 
tary orders for aircraft fall off. 
One general predicted the Air 
Force will be made up of 60 per 
cent guided missiles and un- 
manned aircraft in 10 years. 


A helicopter capable of 
day and night flight under in- 
strument flight conditions is in 
production at Sikorsky Aircraft 


Div., United Aircraft Corp. 


The Controls Co. of Amer- 
ica, Schiller Park, Ill., has ac- 
quired the Redmond Co. Inc., 
Owosso, Mich. 


A contract to produce a 
large, all-plastic antenna able to 
withstand pressure blasts as 
high as 150,000 lb in a new 
guided missiles system has been 
announced by Republic Aviation 
Corp. Antenna has eight ft diam, 
with plastic radial strengthen- 
ing ribs, and is sprayed with 
metal coating to reflect radar 
waves. It is made from Trulite, 
a plastic developed and com- 
pounded at Republic. 
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august 6-8 

technical conference on _ non-linear- 
magnetics and magnetic amplifiers 
american institute of electrical engi- 
neers 

hotel statler, los angeles, calif. 


* 
august 7-8 
annual conference 
american society for quality control, 
western region 
el cortez hotel, san diego, calif. 


> 
august 7-9 
national convention 
ox5 club of america 
hotel statler, los angeles, calif. 


AIRCRAFT 
AND MISSILES 
MANUFACTURING 


august 13-15 
conference on electronic standards and 
measurements 
national bureau of standards, ameri- 
can institute of electrical engineers, 
and institute of radio engineers 
boulder laboratories, boulder, colo. 

e 
august 17-23 
engineering seminar, missiles opera- 
tion research 
pennsylvania state university 
university park, pa. 

* 
august 18-19 
western regional meeting 
american astronautical society 
stanford university, palo alto, calif. 


Adel Precision Products Div. 


august 19-22 

western electronic show and convention 
institute of radio engineers 
ambassador hotel, los angeles, calif. 


£ 
august 25-30 
ninth annual congress 
international astronautical federation 
amsterdam, holland 


4 
august 26, 28 
west coast seminar on industrial ap- 
plications for ultrasonics 
narda ultrasonics corp.; industrial edu- 
cation institute of boston 
san francisco, calif. 


* 
september 3-5 
cryogenic engineering conference 
massachusetts institute of technology 
cambridge, mass. 


a2 
september 8-13 
first international congress of the aero- 
nautical sciences 
palace hotel, madrid, spain 


5 


september 9-10 

second international congress on air 
pollution 

american society of mechanical engi- 
neers 

new york, n. y. 
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You Get Quick, Low Cost, 
Low Temperatures with 


Exclusive CARDOX 
Re-Cycling 
System 


Keeps Liquid COs 
COLDER... Minimizes 
Vapor Loss 


In using low pressure liquid CO, for 
cooling purposes, the CO, storage tank 
is frequently several hundred feet from 
the points of use. Heat in the piping 
may vaporize a part of the liquid CO. 
so that vapor as well as liquid CO, 
arrives at the point of use. This is un- 
desirable for several reasons. 


1. The vapor has reduced refrigerating 
effect and results in a loss of COs. 
2. The vapor causes intermittent dis- 
charge; discharge rate and control is 
affected. 3. Starting may be delayed 
as large amounts of vapor must be dis- 
charged before pipe cools sufficiently to 
eliminate creation of vapor. 4. Vapor 
discharge can interfere with tempera- 
ture control accuracy. 

Cardox engineers have eliminated these 
disadvantages through the development 
of our exclusive “Re-Cycling System”. 


©) VAPOR RETURN LINE 


LIQuiD Co? LINE 


Very simply, it consists of the follow- 
ing: Float valves are installed at the 
point of use to separate vapor from the 
liquid CO.. A vapor pump connected 
to a return line pumps the vapor back 
from the float valves to the storage 
tanks. An auxiliary CO. vapor condens- 
ing unit and/or auxiliary refrigeration 
equipment may be required where con- 
siderable CO. vapor must be re-cycled. 
The Cardox Re-Cycling System means 
greater efficiency, control and economy 
for users of bulk liquid CO. systems. 
Further detailed technical information 
may be secured by writing to: En- 
gineering Department, CO. Division, 
Cardox Corporation, 307 N. Michigan 
Ave., Chicago 1, Illinois. 


CARDOX 


BULK LIQUID 


or 


| 


CARDOX DRY ICE 


for Low Temperature 
ENVIRONMENTAL TESTING 


- 


No matter what your requirements, 
Cardox can answer your needs for COs 
with high purity, moisture-free carbon 
dioxide in liquid or dry ice form. By 
the ton, or by the carload, we can de- 
liver any quantity directly to your stor- 
age tank from our tank trucks or rail- 
road cars. Where your requirements 
warrant it, Cardox installs and main- 
tains complete facilities for storage of 
bulk liquid COs. Under the terms of 
our standard User Contract, you pay 
only for the CO» you actually use... 
and then only the low, low price estab- 
lished on the basis of volume use. 


You get IMMEDIATE TEST temperatures from -10 to -100° F. 


You get IMMEDIATE SERVICE and delivery from our conveniently located 
branch plants and warehouses 


You get ENGINEERING HELP in establishing the proper test set-ups to 
meet your needs efficiently and economically 


YOU HAVE NO CAPITAL OUTLAY 
based upon requirements, Cardox will install and maintain complete 
storage facilities... pay only for the CO2 you actually use. 


FOR ALL BULK LIQUID CO. 


Be 
‘ | 
Abel 
AND DRY ICE NEEDS f } sf 
CONSULT THE YELLOW PAGES... & 4} | | | 
, ,, Ai f 


| £UA g 
4 J «gum Pioneer Developers of 
_S wan BULK LIQUID CO. SYSTEMS 


CARDOX CORPORATION =. 307 N. Michigan Ave., Chicago 1, Ill, 


Liquid CO» Supply Depots at: Boston, Mass.; Jersey City, N.J.; Philadelphia, Penna.; Suffolk, Va.; 

Cabin Creek, W. Va.; Cleveland, Ohio; Barberton, Ohio; Detroit, Mich.; Cincinnati, Ohio; 

Chicago, Ill; Memphis, Tenn.; St. Louis, Mo.; Tampa, Fla.; Ft. Worth, Tex.; Phoenix, Ariz.; 
Los Angeles, Calif.; San Diego, Calif.; Oakland, Calif. 


Circle 74 on Inquiry Card, page 65 


| 


“a % ij » oe ear oe a4 7 ie: Sea 
; ee ee ere ee Mel ‘gage be 7 Mist Bye ‘ > ed Be whe aati 4 ge one Oa 
5 me Lge eee e Bie SS a ee ae ee tat ae eee ey Coe No eee fee ; sil es Nd me ; os 
A AS ST A TT 
gg | al | | 
| er | 
a | | 
= 
A 
— ¢ a 
— . _ ae 
it I Mg ig 
e an ih a gy ie 

eg ity eaten je 

as, opel °.8 pe aaa ae es 

ee ee 

Le 
FLOAT 
VALVE 
< 
| 
; | a ox 
_ : 

Se mere A RONG) es eee eee |. aa Ries; 
ee ee 1 REIS Se Oe a a aa *2 5:03 Ee eee. Fo ‘3 oe 


EFRFRHpHpHrHreC-E-"I_--_-—-— -—-_ 


BEHLMAN 


INVERTRON 


At work for Sperry" 
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3 AC Power Source is needed. 
iii tie Shown above are three Behlman INVERTRON units being used by Sperry 
>} i Gyroscope Company for the development of an inertial guidance system. 


Sperry depends on the accuracy of INVERTRON .. . 0.001% 
(one part in 100,000) frequency accuracy! 


If guidance or instrumentation is your concern — investigate 
500VA Three the Behlman INVERTRON. SEE US IN BOOTH NO. 1644 


of oll 7 WESCON SHOW 
For further informat write or call Los Angeles, Aug. 19, 20, 21, 22 
REALM AN, ELECTRONICS * MECHANICS * OPTICS 
: DESIGN * DEVELOPMENT * PROTOTYPE 


| ENGINEE RING C OMPANY | 2911 WINONA AVENUE 
— BURBANK, CALIFORNIA 


Representatives in all principal cities and Canada 


Sperry Gyroscope Company 
Great Neck, New York 
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